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Figure S1: Including replacement mutations alters the estimated substitution model.
Nucleotide substitution models were constructed using silent mutations only (S5F, black sym-
bols) or using both replacement and silent mutations (RS5F, red symbols). Each plot shows a
subset of the model for G when preceded by T. Profiles are shown as a function of the imme-
diately downstream nucleotide (4 individual plots) and the 16 possible base combinations two
bases upstream or downstream (columns within each plot). Only substitution rates that could
be estimated directly from the data are shown (i.e., inferred values are not included). Bars
indicate the 95% confident interval for the measured value.
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Figure S2: The substitution model is highly reproducible across different individuals .
Nucleotide substitution models were constructed separately for each sample in Table 1 (different
colors). Each plot shows a subset of the model for G when preceded by T. Profiles are shown as a
function of the immediately downstream nucleotide (4 individual plots) and the 16 possible base
combinations two bases upstream or downstream (columns within each plot). Only substitution
rates that could be estimated directly from the data are shown (i.e., inferred values are not
included). Bars indicate the 95% confident interval for the measured value.
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Figure S3: The S5F substitution model is highly reproducible across different indi-
viduals Substitution models were constructed independently for each of the samples listed in
Table 1 (main text). Transition bias scores (maximum substitution rate divided by the second
highest substitution rate) for all 5-mer motifs are shown along the diagonal. Scores are ranked
(from lowest to highest) and color coded by their category (WRC/GYW are red, SYC/GRS are
blue, WA/TW are green and the rest are gray). Symbols indicate the mutated nucleotide (in
the center of the 5-mer). Correlations between the scores for all 5-mer motifs across individuals
are shown in the upper (log-log scale) and lower (linear scale) triangles.

4



CGGCCGGCCGCTCCGGGGGCTGCTCCCGCCATCTGCGACCGGCCGCCGAGCGCTCGCCCCGCAAGACCGCCCTCGTCCCCGAGCTGAGCCCC
ACGCCCGGCGCTCCACTCACCCAACCACGGTTCGGTTTCACCTGGTAGTGCATTCTGACCTCCGCAACACGACTGTACTGGCTACTTTCTATTTTCTCAATCCAATTAT

CTAAGAGTCTGGAACTTGTTTACCCCTTGCGCGACTCTGACTATTTCTCAAAAAAACTCCGTAGACCGCAATGATTTCC
ATTTGTATATTCAGATTACCGCTATTAGTAACCTTTTTAATCAATAAGCGAGCCTTTG

TCTTTGAAAATGATCAAACTACCTTTAAATTTATGCTTATAT
AAATTCCTACAATACCTGCAGTAGTGTAACT

TTAATACCGGCAACCGTCGCTTCGGGCGGT
CATGTCGTTACAGTAA

AGCCCCGACTAC
CTCTCTACA
CCGGA
GACG
AGCAC
CAGC
CC
CG
CCGG
CGG

CT

GG

0 100 200 300 400 500

0

2

4

6

8

index

m
ut

ab
ili

ty

WRC/GYW
WA/TW
SYC/GRS
Neutral

3931LN

TG CCG
C G CGGGGGG CG CG CC GCC CGC C CC GCC CCC CCGC CG C ACG C GC C ATTCC GC CA C CC CCA CG CT C GC A CC TCC CCCG GCC TTCGG C ACGCC AG CG C TGA CGCC TA TG TG GTT CCGTGC GC C GAT C TCTGGCCT TCCTG CCGTACAT CTC CG TG GCT CTCC A ACCGTTCTTA CT C GT GACCC ATTCAA GA CA CGA TT CTGAT ACG CA C GTGTATATT CCCG GA AAG A TCGTTT CTT TCCAA GTT GCACG TA A TTAACAA TT CA AA TCCCCCG ATAAATATT GGTTTT CT GA CCTT TT T TA C TAT CT AGACTTGAATTTATTTAA T CTAAAAA TTAA A CACCCCCGTT TATG ACTAT CTG AAG TCT CT GGAAA A CAAGTTAGGCCT CAT CATTT AA TCGGTGCT AT C GT CA TA G CCCT AAT AT AA GAGATATT AA AT CCGA T AGATTT GCG CCT CA TAAGA CG CAAT CA GACGAT T CCT A CGG GCCA CCGT GGG

G

0.05 0.20 0.50 2.00 5.00

0.001

0.002

0.005

0.010

0.020

0.050

0.100

mutability [log] ; 3931LN

m
ut

ab
ili

ty
 [l

og
] ;

 4
01

4L
N

Pearson: 0.91
Spearman: 0.9

C
C CC GCC G C CG GCGC CG CG CC CCC GC G CG CCCG CCCG GGCG CCCG GCCCCGCGC CC TC CGCGGC GG CAGT C CC CCGCA CCCCCCT CCC GAT CGCTGCA CG TAGCGCGGC AG ACGG CCTAT CCC T TCGCGTA GCGG T CT CCT TGCGTA GTCT TGGTA TTAT A CA T CAGG TTCTT GCA GT CCT CC CCA TTTTG CA CT ATAT AAA CTTTA CT TTG AGT CA CATCAG ATTAA TACTA GA CA T AAT CT TT A TA TTGATT TG TA AA G CCT CT AT AGA ACC A GCCAC ATAC CG TAATC TT TTCGGGTT CACTTCCGCA CA T CCTTA TAA CGTT ATAACT CG GACA GAATGA T CT CT TA TA TAC C CG AT CTTCA CTT GCTCCA A TA T GAT TA CTA A GCATGA CGTTGAT AT CAA GCTGTT AAATT CAAACCGCA AGA GCAAGT ATAT GA ACTC GTA TT TAG CG CAA ATG A GCCATC CA G AG CCAGTTTT CGCA TGCCCGT A CCAGGC GCG

G

0.05 0.20 0.50 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 3931LN

m
ut

ab
ili

ty
 [l

og
] ;

 4
10

6L
N

Pearson: 0.91
Spearman: 0.89

G C CG CGC GC CC GC CGGC CGC C CCCG CGC CGCCC CGCCGCGG C CC CCCCCCCC A C CGCGG GGC TCCCT CCC GC GT AAC CCGG GCG CCGT CCGCG CCCGCGCA TATGC GC CTCTCCCCCGGG AG TA CC GT CCGA CCTTCG CG C ATA TA GCG TTA GAT AT CA CCA A G TCTAT TATC CT GCA CC ACCT GTA TGAG CT ATTT CTT AT CA CGA CT TA CTGTAC AT CTAAA CTC AT TTAT CTT C CAATGTTAA TA G TATTCTA TGC TT CGT CT AT GTTG A T ACCTGATTAGT GTCAC TTA CG C GCGAA T CGA TCC AA CAAA TCA AAT AGGTA CGTA CTTT TAT GTTT ATTA GCTA GAATCCTA T CA TA AACA CA C CTT GAGAAA TCATT GA TA GT CCATA CCT CGTT GGGGT TATA TCA TA AGT CAGGAT GT ACTA GTT AT AG CA TTA TT CAAT CA CT TAA CC GGA CC CGAAC GA TC T CCT AC AT CTGG GGGCA CGCCAA CGA G
GT
G

0.05 0.20 0.50 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 3931LN

m
ut

ab
ili

ty
 [l

og
] ;

 3
92

8L
N

Pearson: 0.88
Spearman: 0.91

C
C

CGGG
G

G CCC
C GG CC C TGCC GCGCC C CCC CGGCTAC CGG CG GCCC TG CC CC GCA TCCCCG CCGCCC G TC CC TCCTG CG ACT TCAC TAG AGC CCT CGG TG CG TT AT AC TGCT TCCA TCGG T CG G CC GCA CA AAGGA TCG AACTCCGCTGA CCA TAA GTC CTTGTA TGATTAAAC ATT GCA T CT TACTAAA ACA TC CT G ACA A ACT GTGTCTATT AT TT AT CTAG G TCC GGAGTT CT ATCCC ACTT TT AGTAACAG A TT TGC GT GTA AA AGA TTAG A ACT GTGTATTGTATA ATA ACTTCCTAC AT TGG TAT CCCC TA TGGCTGGAC AGA ACTC CT TT TAA AC TTTT TATTT TCC C GTTA CAC TTT AG ATTAG GATA T AAT ACAACCGGCA CACGAGTA CGAA A TGACCTCGCC A CCA CCGCCATGATT ATAGA CT TCAACGCG GCT TT G GCATGACC CGCCCC A CG AGGCC TC GGCGCCCG G

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 3931LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

1

Pearson: 0.91
Spearman: 0.89

C
C

C CGC
G

CCG CCGCGGG CAC C CC CG GC CC GC C CCG CG C C C GGCGCA GCCCTCGGTG CCCCC GTC TT GG CCC AA ACC ACC A CGC TC T TC CTT ACT GC GC A TG AG GG CTGCC C CCC AA TCTG C GTGTAA TTT GT T TTGTA CG CTCTA TCC AACG CACGTC TAG TAAATA G TTTC G ATTAAA C TCTG ATC CTT T ACA ATGT GC ACG ATTT A ATG CA T CAC TGGAC TAAAAGAA CACTAG TT GC AG TGC A AT CATT GTG TT TTAT AGCCACTTC A TT ATCACTATGCA AA T TT AG C TCT T GAT CT GGAAC TC A GAGCTC CGACTAGC TAAC TTA TA TCG TAT CT CTG ATTCT AGTTG AA AT TT TATG ACT ACACTATTTA AT AC GAGAAAA CTGACGCCAGGGT TA CGACCCG TT G CC T TGA CT TCG ACA A GTC TCACT GG ACACA CG TC CTC TG GGCGT CCGGCC AACA CC CGG TAC CCCGGGCG
G

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 3931LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

2

Pearson: 0.92
Spearman: 0.89

CGG CC
G CCGT CCCGGCCG GTCCCG CGC CCCC TCTCG GC CGC CCC TT TCCA GCC C GG C CCGC CG AGG AC TC ACTCTCT CCAAG AG GG GT CA AG ACGT TCC TT CG G G CGT C TCC G AGGC T CA C AG CTAA G CGC CAT CCCGC TGCCTT GTG T AA TCA TC AAT T AGTA ATA ATCGT C TA CAAA TTGCG T AT CA CACTC TTA TCGTCTACTAT AA ATT G TCC GTCGTT TTA TA TCTC AAT A TA TT CAAA CT AG CGGAT TTCG AATT AA TGTCTATGTT TGT AAT ACTTCTATAT GT ACA AA CA GACCCATAAT TGACGCAAA ACG CTG AACAGC CGTTC TTC TG CGT CTTCTTA A CCT TG ATTTT AT ATT GCA GAACG AC T CAG TCAA AATT CCGCTA CCGCGTA TCCT AGGGCGA TATG TCTTGT CCC AAT ACA TTC ACAG CG CGT AC CC TC GGACGCGC CG CG AA CGC TCCCGCC GCGGCG

G

0.05 0.20 0.50 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 3931LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

3

Pearson: 0.92
Spearman: 0.88

C
G

GC
CC CCC CG CCGC C CCCGG CG CCCC CGC CAC TCGCC CGC G ACG TC CCCGGT CG CGC T AGA CG TCGAC CGC C TTTGCC AGT AT TCC CT GGGT GCCT A ACC C GTGTC C GGT CTAGCCT TAG A TC CG T ATG CA GT GGT TG G TC T ATTCAC GGATGC CACTAGTT CCAG GTC AC ACA TCAT ACA TCA AT TA GATC CA CAA ACCT TGAG TCT GAT TG AC AC TCT TAGCAAACT AAA A CA T AGCTT TT ATTT TGG AT AA TC TCA AGGCTA ACA T AA GTCT CTG TTAAA ACAA TTTC ACTCACTT TCGC TTG AGCTC GACG TGAA AACGTT G AT TGGTGCC TT TA ATT CG AATTTT A TTCATT CCT TC AT CT TATTAGTT ACC AA TAA T AA CAAGTA TCACAGCGGGCA GCCGT AATA CC CTATCGCTCTTCTC A CC CG ATAGCCC GGGG CAGCC A TCG GGCG CGA CTC ACGCGCCGCC GCG CG

G

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 3931LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

4

Pearson: 0.91
Spearman: 0.88

C

CCC GC
CG CC GC GT CCGAC GC CG G CG C CCCG ACCCG C CC CT GG TCG CCG G C GCGC GCC CC CAGC G TA TCCTC C CTGCA AGG TGGG TC GTGCGG CG CCC A GT CACGC TAC ACA AG G GACCCT C GGAC G TGGT TTG TCT CT GAT ATCGAC GT GACA TG TA TTCCT TAT A C GCTG CCAA GTT GG TG TCCT T ATTA AG GCA CCT TG AGT GA AAG T TTC TATT ACA CTAT CCT GA CC AAATAA C TA AC TT A TT CGTGT T CT CT AAT C TC AT AG TA CCCCA TACA TAAGT TCTAT TGAT A CAG A AG C TGT ATA A CG CC AT TTCA TC CTA AAT CT TT T AGGCC TTA ATCAC ATTT GA AAGCACCT TAA TTTA GT AA TA GT GAA GT CG CCG CAA AA TATT GCATC CGAC ACTT G CGCA GC GA C GGTTA CA G AA T GCTTCAAC CGCTCT AT ATA AAGCAGCT CCGT CCGCGCC CC GG

T

0.05 0.20 0.50 2.00 5.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; 3931LN

m
ut

ab
ili

ty
 [l

og
] ;

 h
u4

20
14

3

Pearson: 0.78
Spearman: 0.83

CC C
C CG CC CCCG C CC CGG CC CC CC AG

G TGC CCG CGC CCG G GCC T AGC CT G GC GCCG TCC AC CG C GTGCGT CC CG T CA T CT G CT CG GG TGCT AT CAGCCCC TC TCGC GG GCTC TGC AGTA CG GACC AGC T CCTTGAA GGC AC TG CCC GG A TTAA T TTCA C CA TA CG AGTA CT GC CA G GGATA ACT G TCA GATACC AT T AA ACTG GA T AC GC T TCTTATA AT CTA T TCT GTC TTGT T AAA ACGA TT TC AATCAA TTCT A AG CTA CA AATAA GTT TGAG A ATCGA A TCA AT CA CGC CTATATT GG C GATA CAT CT GTCCTA G AATC ATTA CTTTATC AT GGG CTA TCAA TTT T C ATTT CGTTTT C GA TCC GGGAATAA TTACT GGTA TC AA GTA ATCA CCTT T CACT CCCTA TGA TAC A CTTCCT GGA AT TAGCT TC GA GGA A CCT CTT ACA TC AAGT GC CCG CGAC CCCG
C GCCAAC AC GGG

CCC C G
G

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 3931LN

m
ut

ab
ili

ty
 [l

og
] ;

 4
20

IV

Pearson: 0.9
Spearman: 0.88

G
C
CC

G C CC C CGC TGG CC C AG CC C CGGGCCCC CGG GG TGC CCG G GC CTA GCTC CA AA GCG TT CC T AC CCCAC CCCCTT G AAAG CC AC GTTTCC GC CC GCG ATC CCGGAG AG AC CTTC AC G GAT A TGCGCTGA T TCCCTG TTTGTC AG GAAC CCA CG TACT TAAA GTT GAAA T ATT C ATA TA TATT GA TA GC T TC TT GGTTGTA C AAA AGT T TC TTA A TCA GAAC CTCAC TTG CTT AAG CG TCC T TTGATA T CC CA AG TG TA TG TCTTG CTCACAA ATG GAA TA ATC TG CTTCT ACTGACCC GT CTT AG AAATC GCCA TTT AG AAC ACG AT TG ACA TC T C CT T AT TATATA GGGTCCAAT GA TT C TCAT T ACGT CA TTT TGCA TGCGGCCCC AT CAGC AAAA ACT A GTCGTA GCA GT CGCG CGCCCT TACCA CCGCC GCGAGCCG
C G

0.05 0.20 0.50 2.00 5.00

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; 3931LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

5

Pearson: 0.86
Spearman: 0.84

CGGCCGGCCGCTCCGGGGGCTGCTCCCGCCATTGCGACCGGCC GCCGACGCTCGCCCCGC AA GACCGCCCTCGTCCCGAGCTGGCCCC ACGCCCGGCGCTCCACTCACCCAACC ACGGT TCGGTTTCACCTGGTAG TGCATTCTGACCTCCGCAAC ACGACTGTACTGGCTAC TTCT ATTTTCTCAATCCAATTATTAAGAGTCTGGAACTTTTTACCCCTTGCGC GACTCTGACTATTTCTCA AAAA AACTCCG TAGACCGCA ATG ATT TCCATTTGTATATTCAATT ACGCTATTAGT AACCTTTTTAATCA ATAAGCGAGCCTTTG TCTTTGAA AATGA TC AAAC T ACCTT TAA ATTT ATGCTTATA TA AATTC C TAC ATACCT GC AGTAG TGTAACT T TAA TACCGGC AACGTC GC TTCGG GC GGTC AT GTC GTTACAT A AGCCCCGAC T ACC TTC TAC AC C G GAG AC GAG CACC AGCCC
C GCCGGC

GG

CT

G G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

mutability ; 4014LN

m
ut

ab
ili

ty
 ; 

39
31

LN

GGTGCCGCGCGGGGGCGCGCGCCGCCCCGCCCCCGCCCCCCCGCCGCACGCGCCATTCCGCCACTCCCCACGCTCGCGACCTCCCCGCGGCCTTCGGCACGCCAGTCGCTGACGCCTAATGGTGGTTCCGTGC
GCCGATCTCTGGCCTTCCTGCCGATACATCTCCGTGGCTCTCCAACCGTTCTTTACTCGTGATCCCATTCAAGACACGATTCTTGATACGCACGTGTATATTCCCGGAAAGATCGTTTCTTTATC

CAAGTTGCACGTAATTAACAATTCAAATCCCCCGATAAATTATTGGTTTTCTGACCTTTTTTACTATCTAGACTTGAAT
TTAATTTTAATCTAAAAATTAAACACCCCCTGGTTTATGACTATCTGAAGTCTC

CTGGAAAACAAGTTAGGCCTCATCATTTAATCGGTGCTATCG
TCATAGCCCTAATATAAGAGATATTAAAT

CCGATAGATTTGCG
CCTCATAAGA
ACGCAATCAGA
CGATTCCT
ACG
GG
CCACCG
T
GG
G

G

0 100 200 300 400 500

0

2

4

6

8

10

index

m
ut

ab
ili

ty

WRC/GYW
WA/TW
SYC/GRS
Neutral

4014LN

C
TC GCC GCCGC CG G CGCCG CG C CCCCC

G CG CC CG CCCGGCG CC CG GC TC CCG CGC CCC TCC GCG GGCGGAGTC CC CGCG CGCACCC CCCG T CCC GATCGCT GACG TGCG CGGCAGACGG CCTT ATCCC T TCGC GTA GCGGTCT CCT TGCGTA GTC TTGGTA TTAT ACATC A GGT TC TT GC AGTCCTCCCCAA TT TT GCACTA AT ATAAA CTTTAC T TTGA GT CACA TCAG ATTAATACT AGACATA ATCTTT AT ATTGATT TGTA AAGCTC TC ATGAACC AGC CACA TAC CTAA TC TT TTC GGG TTCAC TTC CG CA CAT CCTTA TAAACG TTATAACT CG G AC AGAATGT AT CT CTT ATATAC GCCG ATCT TC AC TTGCT CCAATA T GATTAC TAAGCA TGA CGTTG ATATCT AAGTG TT AAATA TCAAACCCAAGA GT A AGTTATG AACTC GTATTTAGCGC AA ATG AGCC AT CA GA GCCAAGTTT TCGCA TGCCCGTACCAGGCGCC G

G

0.05 0.20 0.50 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4014LN

m
ut

ab
ili

ty
 [l

og
] ;

 4
10

6L
N

Pearson: 0.94
Spearman: 0.93

G CCG CGCG CC CC CGGCCG CC C CCG CGC G CGC CCCGCCG CGG GCCC CCG CCCC CCACC GCG GG C TCCT CCCG C GTG AACCCGGG CGCC GTC CTGCG CCCGCG CAT AT GCG CCTCTCCCC CGGGGAG TCCGTA CCGA CCTT CGCGT CA TA TA GCGT T AGAT AT CAC CAA GT CT AT T AT CTGCA CCA CCTT TGTATG AGCT ATT TCT TATCACGAC TT ACTGT AC AT CTAA AC TCAT TTAT C TTCCAATGTTA ATAGTAT TC TATGC TT CG TCTA TGT TGAT ACCTG ATTAG TG TCTA CT TAC GCGCGAATC GAT CC AA CAAAT CA AAT AGGTA CG TACT TT T AT GTTTATTAG CTA GAATCC TATA TAA AC ACA CCT TGAGA A ATCATTGA TCT A GTCC AT ACCTG TTGGGTTATATCATA A GT CAGGAT T GTACTAGTT ATA AG CATTATT CATCACT TAACCG GA CC CGAAC GA TC TCCTAC ATCTGGGGGCA CG CCAACGA G
GT

G

0.05 0.20 0.50 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4014LN

m
ut

ab
ili

ty
 [l

og
] ;

 3
92

8L
N

Pearson: 0.9
Spearman: 0.93

C
C

CGGG
G

GCCC
CG CCC TCC A GCGC CCC CCC GG C TACCGGC TG G CCC TGCC CCGCA TC CG GC CGCGCCCG TCC C TCCTGG CG AC T TC ACTAG AGGC CCT CGG TG CG TT AT AC TGCTTCC ATCGG TC G G CC GCA CAAAGG ATCGA AC T CCGC TGAC C ATA AGT C TTGT ATGATTA AACATT GCA TC T TACT AA AAC ATC CT G ACG AA ACTG TG TC TATTATT TAT CTAGG TCC GGAG TT CT ATC CC AC TT TT AG TAACAG ATT TGCGT G TAAA AG A TTAA ACTG TG TATTTGT ATA ATA AC TTCC TAC A TT TGG TATCCCC TATG GC TGGAC AGA AC TC CT TT TAA AC TTTT TAT TT TCCC GT TAC AC T TT AG AT TAGGATATAAT AACCGGC AC AC GAGT ACG AAA TGACC TCGCCC ACGCCA TGATTATAG ACT TC AAC GCGG CTT TGGC ATGACCC GCCCC ACG AGGCCTC G GCGCCC

GG

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4014LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

1

Pearson: 0.9
Spearman: 0.91

C
C

C CG CG
CCG CCG CGG GG C A CCCC CGG C CC GCG CCG CG CC CG C GC AGCCCTCGG TGC CCC TCTT GG CCC AA ACCACCAC G CTC TTCCTT ACT GCGC ATGAGGG CTGCC C CCC AA TCTGC GTG GT AAT TT G TT TTTG TA CG CTCT ATCC AACG CA CGT GC T AG TA AAT AG TTTC GTT AA AC TC TG ATC C TTT ACA A ATG TG C ACG ATTTAA TGC ATC AC TG GAC T AAA AG AAC AC TAG TTGC AG TGC A ATC ATT GGTT TT AT AG CC AC TTC ATT AT CT AC T ATGCAA ATTT TT AGT CTC TTGATC TGG AAC TC AGA GC TC CG ACT AGC TA ACT TATA TC G TA TCT C TG ATTC T AG TTG AAT TT TAT AC T AAC TATTT A ATACGAG AAAAC TG AC GCCAG GG T TACG AC CG TTGCT TG ACTTC GACAAGTCT C AC TGGA CACACG TC CT CTG G GC GTCC GGCC AACA CC CG G TAC CCCGGGC G

G

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4014LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

2

Pearson: 0.91
Spearman: 0.91

CGG CC
G CCG TC CCGG CCG TC CCG CG C CCCC TCT GCGG CCG ACC CC TT TCCA GCCC TGGG CCCG CCG AGG AC TC ACTC TCG TCCA AGAGGG GTC A AG ACGT TTCTTG CGGG CGT CTCC GGGCT CA CAG CT AAGCGC CATCC CG TCTGC CT TGTG T AATC A TC AAT AG TA AT AA TC G TC TAC AAA TTG CG T ATC ACACTC TTA TCGTCT AC TAT AAATTG TCCGTCG TTTT ATA TC TC AA T A TATT C AAAC T AGCG GAT TTCG AATT AATG TC TATG TTT GT AATAC T TCTATATG T ACA AAC AG ACCC ATA A TTTGA CGC AAA ACCTG A AC AGC C GT TC TTC TG C GTC TTC T TAA CCT TG ATT TTATATTGCAG AATG AC TC AG TCA AAA TTC CGCTACCGCG TA TC CT AGGGCGATATG TC TTGT CCC AATACA TTCACGCG CGT ACC TC G GAC GCGC CG CG AACG TCC CG CC GC GGC G

G

0.05 0.20 0.50 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4014LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

3

Pearson: 0.89
Spearman: 0.89

C
G
G C

CC CCCCG CCG CC CC CGGCG CCCCC GG CCAC TC GG CC CG CG ACG TC CCC GGTCG CGC TAG ACGTCG ACCGCC TT TG TGC TC AG TA T TCC CT G GAG T GCCT A ACC CGTGTC CG T CTAGC C TTAG ATCCG T ATGC AG T GGTTGG TC T ATTCA CGG AT GC CAC TAG T TCC AGGT C AC AC ATCAT ACA T CA ATTA GATC C AC AA ACCTTGAG TC TGAT TG AC AC TC TAGC AA AC TAAAACAT AGCTT TT ATTT TGG AT AATC TC A AG GC TA AC AT AAGTCTC TG T TAA A AC AAT TTACTCA C TTTCGC TTG AGC TCG ACGTG A AT A AC G TTG AT TG G TG CC TT TT AATTC AA TT TT ATTC ATTCT TC ATC T TATTAG TT ACC A ATAAT AAC AAG TA TC ACAGC GG GC AGCCGT ATACCC TATC GC TC TTCT C ACCCAT AGCCG GGG CAGCC A TCG GGCGC GACT ACGCG CCGCC GC GC G
G

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4014LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

4

Pearson: 0.89
Spearman: 0.9

C

CCCGC
CG CCG C GTCC GACGCCG GCG CC CCG AC CCG CCCCT GG TC GC GCG G CGCGCG CC CC CAGC G TA TCC TCC C TGCA AGG TG GC G TC GTGCG G CG CCC AGTC ACGCT AC ACA AG G GACCCT C G GAC G TG GT TTG TC TC TGAT ATCG AC GTACA TG TATTCCT TAT AC GCT GCC AA GTT GT TG TT CCT T ATT AAG GC ACCT T GAT GAAAG TTTC TA TTAC ACT AT CCT GAACC AAAT AA C TA ACTT A TTC G TGT TCT CT AT C TC AT AG TA CCCC A TAC A TAAGG T TC TATTGA A CAG A AGC TGT ATA AG CC T ATT TCATCTA AATCT TT TAGGCC TTA ATCA AC ATT TG A AA GCAC CTTAA TTTA GTAT AGT AGAA GT CG CCGCAA AA TAT TGCATC CGAC ACTT GCA GC A GC GACG GTTA CAG AAT GCTG TC AAC CGCTC TATAT AAA GCAGCT CC GT CCGC GCC CG G

T

0.05 0.20 0.50 2.00 5.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; 4014LN

m
ut

ab
ili

ty
 [l

og
] ;

 h
u4

20
14

3

Pearson: 0.81
Spearman: 0.85

CC C
C CG CCCC CG CCCCGG C CCCCC AG TGG TG CTC CG CG CCCG GGC C TAGCC TG GC GCCGTCC AC CGC TGCGTCCC GTCA TCTG CTCG GG TGCT AT CAG GCC CC TCG T CGC GGGCTC TG C AGTA CG G ACC AGC TCC TTG GAAGG C ACTG CCCGG AT TAATT TTC AC CATA CG AGT TAC TCC AG GGATAAC TG TCA GATACC ATT AA ACTG GATA CGC TTC TT AT AATCTAT TC TG TC TTGTT AA AAC GAT TTC AATC AA TTCT AAC TACA AA TAAGTT TGAGA ATCGAA TC AATCACGC CTATATT GGCGA TACA TC TGTCC TAG AATC A TT ACTTTATC ATG GGCTA TC AA TTTT TCATT TCG TTT TC GATCCGGGA ATAATT AC T GGT ATC AA GTAATC ACCTT TC AC TCCCTA TGATAC AC TTCCT GG AATTAGC TTGA GGA ACCTCTTACA TC AAGTGCCGCGC CCCGC GCCAAAC GGT GCCCC

G
G

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4014LN

m
ut

ab
ili

ty
 [l

og
] ;

 4
20

IV

Pearson: 0.9
Spearman: 0.9

G
C

CC

G CC
C C CG C TG G CCC AGC CCC GG GC CC CCG GGG TGC CCG G GC CTAGC TC CA AAG CG TT CC T ACCCCA CC CCC TT GA AAG CC AC GTTTC CGC TCC GCG ATC CCG G AG AG ACC TTTC AC GAT A TG CGC TGAT TCCCTG TT TGT AG GAAC CC ACG TACTTAAAGT TG AAATATTC TA TA TATT GA TAGC T TCT TT GG TT G TAC AAA AGT T TC TT A ATC AG AAC CG TC AC T TG CTTA AG CG TCC TTT GATAT CC C AAG TG TATG TC TTG C TC AC AA ATGG AT ATT A ATC TG CTTCT AC TGAC C CG TC T TAG A AA TC G CCA T TT AA AC ACG AT TG ACA TC TC CTT AT TAT ATAGGGTCC AAT GA TTC TCA TT ACGT C ATTT TG CA TGC GGC CCC A TC AGC AAAAACTAGT G TA GC AGTCGCG CGCCCT TACCA CCGCC GCGAGC

C G
CG

0.05 0.20 0.50 2.00 5.00

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; 4014LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

5

Pearson: 0.82
Spearman: 0.85

CGGCGGCCGCTCCGGGGGCTGC TCCCGCC ATCTGCGACC GGCC GCCGA GCGCTCGCCCCGC AA GA CCGCCCTC GTCCCCGAGCTGAGCCCC ACGCCCGGCG CTCCACTCACCC AACCACGGTTCGGTTTCACCTGGTAG TGCATTCTGACC TCCGCAAC ACGACTGTACTGGCT AC TTTCT ATTTTCTC AATC CAATTATC TAAGAGTCTGGAACTTG TTTACCC CTTGCGCG ACTCTG ACTATTCTCAAAAA AACT CC G TAGACCG C AATA TT TCCAT TTGT AT ATTCAG AT AC CGCTATT AGTAACCTTTTTAAT CA ATAAGCGAGCCTTTGTCTTT GAAAATGA TC AA AC T ACCTT TAAAT TATG C TTATA TA AAT TC C TACA AT ACCTGCA GT AG TGTAACT TTAA TACC GGC AACCGTC GCTTGG GC GGT AT GTC GTTACG TAA AG CCCCGAC TACC TC TC TA C ACCGG AGAC GAG C ACC AGC CC
C GCCG GC

GG

CT

G G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; 4106LN

m
ut

ab
ili

ty
 ; 

39
31

LN

GG TGCGCGCGGGGGCGCG CGCCGCCC CGCCCCCGCCCCCCCGCCGCACGCGCC ATTCCGCCACTCCCCACGTCGCGACCTCCCCGCGGCCTTCGGC ACGCCAGTCGCTGACGCCTAATGGTGGTTCCGTG CGCC GATCTCTGGCCTTCCTG CCG ATACATC TC CGTGG CTCTCCA AC CGTTCTTTACTCTGATCCC ATTCAAGACACGATTCT TGATAC GCACG TGATATTCCCGGAAAGACGTTTCTT TACCAAGT GC ACGTAATTAACAATTCA AATC CCCCGATAAA TTATTGGTTTTCT GACCTTTTTTACTAT CT AGACTTGAATTTAATT T TAATCT AAAAATTAAA CACCCCCGGT TTA TGACTAT CTG A A GTCT CCTGGAAA ACAAG TTGGCCT CATC ATTTAA TCGGTGCT ATC GTCATA GCCC TAAT ATA AGAGA TAT TAAA TCCGAT AGATTTGCG CT CA TAA GAA CGCA ATCA GACG AT TCCTA CGG G CC A CCGT
GG

G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

0.10

0.12

mutability ; 4106LN

m
ut

ab
ili

ty
 ; 

40
14

LN

CGTCGCCGCCGCCGGCGCCGCGCGCCCCGCGCGCCCCGCCCCGGGCGCCCGGCTCCCGCGCCCGCTCCGCGGGCGGCAGTCCCCGCGCAGCACCCCCCGTCCCGATCGCTGCACGTAGCGC
GGCAGACGGCCTGTATCCCTTCGCGTAGCGGTCTCGCTTGCGTAGTCTTGGTATTATACATCAGGTTCTTGCAGTCCTCCCCAATTTTTGCACTAA

TATAAACTTTACTTTGAGTCACATCAGATTAATACTAGACATAATCTTTATATTGATTTGTAAAGCTCTCTATAGAACCAGCCACATACCGTAATCTTT
TCGGGTTCACTTCCGCACATCCTTATAAACGTTATAACTCGGACAG

AATGTATCTCTTATATACGCCGATCTTCACTTGCTCCAATATGATT
ACTAAGCATGACGTTGATATCTAAGCT

GTTAAATATCAAACCGCAAGAGTCAA
GTATATGAACTCGTATTTAAG

CGCAAAATGAGCCAT
CCAGAGCCAAGT
TTTCGA
CATGCCC
GT
ACC
AGG
CGC
CG

G

0 100 200 300 400 500

0

2

4

6

8

index

m
ut

ab
ili

ty

WRC/GYW
WA/TW
SYC/GRS
Neutral

4106LN

G CG C G CGCGC C CGC GG C CGC C C CCGCGC GC GCCC CGCC G CGGG CCC C C GCCCC CCACGC GC GGG GC TCC C TCCC GC GTGAA CCC GGGCG CC GTC CT GCG CCCGCGCAT AT GC GC CTC TCCCC CGGG GAGTAC CGT ACCGA CC TTC GC GT CATAT AGCG TTAGATA T CACCAAG TCTAT T ATC CTG CACC ACCT TGATGA G CT ATTTCTTATCA CG A CTTACGT AC AT CT AAAC TC AT TTATCT TCCAATGTTA ATAGTATTCTATGCTT CG TCT A TGTT GATACCTG ATTAT GTC TA CT TACG CGCGAAT CG ACCAA CAA ATCAAA TA GG TACG TACTTTT ATGTTTAT TA GCTA GA ATCC TAT CA TAAACACACCTTG AGAAA TCAT T GAT CTAGTCC ATACCTCG T TGGGGTTAT ATA TAA GT CAGGAT GTCTA GTT ATAA GCATTATT CAATCA CTTAACCGGA CCCGAAC GA TC TCCTAC A TCTGGGG GCA CG CCA ACGA G
GT

G

0.05 0.20 0.50 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4106LN

m
ut

ab
ili

ty
 [l

og
] ;

 3
92

8L
N

Pearson: 0.9
Spearman: 0.95

C
C

C G GGG
G CCC C GG CC C TG CC AGCGC CCCCCC GGG C TAC CG GC TGGC CC TGCC CCGC AC CGGCCGC CGCCC G TCC C TCC TG GCG G AC T TC AC TAG AG GCCT CGG TGCG TT AT AC TG CTTCC AT CGG TGG CCGC A CA AAGGA TCG AAC TC CGC T GA CC ATA AGTC C TTGT ATG ATTAAACA TTGC AT CT TAC TAA AACATC CTG ACG A A ACTTG TCTATTAT TTAT CTAGGC CC GG AG TT CTATCCA C AC TTT TT AGTAA CAG ATT TGCGT GTA AA AGA TT AG AA CT GTGT AT TTGT ATA TA AC TTCCTAC ATT TG G TATCCCC TA TGG CTGGAC AGA ACTC CT TTTAA AC TTTT TAT TT TCCCGT TAC AC T TTAG ATTAG G ATATAAT ACAACCGGCAC AC AGAGTACG AAA TG ACC TC GC CA CC ACCGCCA T GATTATAGA CT TCA ACGCGGCTT TG GC ATGACC GCCCC ACG AGG CCTC G GCGCCC GG

0.05 0.10 0.20 0.50 1.00 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4106LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

1

Pearson: 0.89
Spearman: 0.91

C
C

CC GCG
C CG C CGC GG GGC AC CCCC GGCCC GC GCCCGCGC CG CGG CGC AGCCC TCGG TGC CCCCG TC T TGG CCC AAA CC ACC AC GC TC T TC C TT ACTGCGC ATGAG GGC TGCC C CCC AA TCTGCGTG GT AAT TT G TT TTG TG TACG C TC T ACC ACG CACGTG C TAG TA AATAG TTTCG ATT AA AC TC TG ATC CT TT ACAAATG TG C ACG ATT AATGCATC AC TGG AC TA AA AGAAG C AC TAG TTGC AG TGCAA TC ATTGTG TTT T AT AG CC ACTTC ATT ATC TACT ATGCAA ATT TTT ATCTCT TGATCTGGAAC TCA GA GCTC CGAC TAGC TA AC TTATA TCG TATCT CTG AT TCT AG TTG AAAT TT TAT G AC T ACAC TATTTA AA TACG AG AAA AC TG AC GCCA GGG T TACG AC CCG TTGC CT TGACTTC GAC AAGTC TC AC TGG A CAA CG TC CTC T GG GCG TCCGGCC AACACC CGGTAC CCCGGGC G

G

0.05 0.10 0.20 0.50 1.00 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4106LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

2

Pearson: 0.89
Spearman: 0.91

CG GCC
GC C G TC CCGG CCG G TCC CGCGC CCC C TC TGC G GCCG ACC CC TTTCC A GCCC TGGG CCCGC CG AGG AC TC ACTC TCGTCC A AG AG GG GTC A AGAC GT TTCC TTG CGGG CGT CG TCCG AGGCT CACAG CT AAG CGC C ATCCCGT C TGC CT TG TG TAAC A TC AATT AG TA ATAATCG TC TACAAA TTG CGTATC ACAC TC TT ATC GTCTAC TAT AA ATTG TCC GTCG TTTT ATATC TC AAT A TATT C AAAC T AG CGGAT TTCG ATT AATGTC T ATTT TGT AAT AC T TCT ATATG ACA AAAG ACC CA TA A T TTGACGC AAA ACGCTG AAC AGC CGT TC TTC TG C GTC TTC T TAA CCTTG ATT TT AT ATTGCAG AACTG ACT C AG TC AAAA TTC CGCT AACC GC G TA TC CT AGGGCGATAT GTC TTGT CCC AATAC A T TC ACAGCG CGT ACCTC GG ACGC GCCG CG AACGC TCCCG CC GCGG CG

G

0.05 0.10 0.20 0.50 1.00 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4106LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

3

Pearson: 0.88
Spearman: 0.9

C
G

GC
CC CCC C GCCG CC CC CGGC GC CCCG C GG CCAC TCGGCC CGCG ACG TC CCCG GTCG CGCT AGACG TC GA CCGC C TTTG TGCT C AGTA T TCC CT G GAG TGCC TAACC CGTG TC CG G T CTAGCG C TTAG ATCCG T ATGC AGG TG TTGG TC T ATTC ACGG AT GC CAC T AG T TCC AGG TC ACACATCAT ACA T CA ATT AGATC C A CAA ACCTTG AG TCT GAT TGAC AC TCT TAG C AAAC TAAAACA T AGCTT TATTT TGG AT AATC TC A AG GC TA AC AT AAGTCT C TG T TAA A ACAATTTC ACTCACTT TCGC TTG AGC TCGA CGTG A ATAC G TT G ATT GGTG CCTT TTAATTCG AA TT TT A TTC AT TCCTTC ATT TATTAG TT ACC A ATAAT A AC AAGTA TC AC AGCGGGCAGCCGT AATACC C TATC GC TC TTCTC AACCG AT AGCCCGGGG CAGCCA TCG GGCGCG ACTC ACGCG CCGCC GCGC

G
G

0.05 0.10 0.20 0.50 1.00 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 4106LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

4

Pearson: 0.88
Spearman: 0.91

C

G CC GCG C
CG CCGC TG TCC GACGC CG G CG CCCCG AC CCG C CCC TGG TC GCGCG GCG CGC GC C CC C AGC GTA TCC TC C C TGC A AGG TG GC G TC GTGCGG CG CCC AGTCACGC T AC ACA AGG GACCC TC G GAC GTG GT TTG TCC T CT GATA TCG AC GT GACA TG G TATTCC T TAT AC GC TGCC AA G TT G GTG TT CCT T ATTAAG GC ACCT TG AG T GAAAG T TTC TATTACA CT AT CCT GAACC AAATAA C TAACTT A TT CGTGT T CT CTA AT C TC AT AG TA CCCCA TACATAAGG TTCT ATTGAT A CAGA AGC TGT ATAA CG CC T ATTTC AT CCTA AATCT TT TAGGCC TTA ATCA AC ATT TG A AA GCACCTTAA TTTA GT AAT AGT AGAA GT CG CC GCAA AA TAT TGCATC CGAC ACTT G CA GC AGC GAC GGTT A CAG AAT GCTG TC AAC CGC TCT ATATA AAG CAGCT CC GT CCGC GCC CC G G

T

0.05 0.20 0.50 2.00 5.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; 4106LN

m
ut

ab
ili

ty
 [l

og
] ;

 h
u4

20
14

3

Pearson: 0.8
Spearman: 0.86

G

CCC
CGCC CCCG

CCC CGGC CCC CC AG TGG TG CT CCG CGCCCG G GC C T AGCC TGGC GC CG TCC AC CGC GG TGCG TCC C GT TCA TCTG CTCG GGGC TATCAGGCCCC TC GTCGC GGGCTC TG C AGTA CG G ACCAGC T CCTTG G AA GGC AC TGCC CGG ATTA A TTTC AC CATACG AGT TACT GC CAG GG ATA AC TG TCA GAACC ATT AA ACTG G ATAC GC TTC TT ATAATCTAT TCTG TC TTGTT AAAAC GA TT TC AATCAA TT CT AAGCT ACA AAT AAGTT T GA GA ATCGAA TC A ATCAC GC CT ATATTG GCGA TACATC TGTC CTAAATCA TTACTTT AT CATG GGCTA TC AA TTT TTC ATT TCG TT TC GATCC GGGATA ATT AC TGGT ATC AA G TAATC AC C TT TC ACT CCCTA TGA TAC AC TTCCT GGAA TTAGC TTC GA GGA A CCTCTTACATC AAG TGCCCGCGAC CCCGC GCCAAC AGGT GCCC CG
G

0.05 0.20 0.50 2.00 5.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; 4106LN

m
ut

ab
ili

ty
 [l

og
] ;

 4
20

IV

Pearson: 0.9
Spearman: 0.91

G
C
CC

G
G CC

C C CGC TG G CC C AGC CCC GGGC CCCCG GGG TGC CCGG GC CTAGC TC CAAA GCG TT CC T AC CCC AC CCCC TTG AAAG CC AC GTTTCCG C CC GC G ATC CCG G A TG AG ACC TTTC AC G GATA TG CGC TGA T TCCCTG T TTGTC AG GAAC CC ACG TACTAAAGT TG AG AAT ATTC ATA TATATT GATAGC T TCT TT GGTT G TAC AAA AGT T TC TTA ATC AG AAC CG TCAC T TG CTT A AG CG TCC T TT GATAT CC C AAG TG TATG TC TTG C TC ACA A AGG AT ATTA ATC TG CTTCT AC TGA CCC GTCT TAG AA ATC GCA TTT AG A AC ACGAT TG ACATC TC CTTAT TAT ATAGGGTCC AAT GATT C TCA TT AC GT CA TTT TGCA TGC GGCCCC ATC AGC AA AA ACT AGTCG TAGC AGTCGCG CGCCCTTACCA CCGCC GCGAGCC G
CG

0.05 0.10 0.20 0.50 1.00 2.00 5.00

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; 4106LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

5

Pearson: 0.84
Spearman: 0.87

CGCCGGCCGCTCCGGGGGC TGCTCCCGCCATCTGCGACC GGCCGCCGAGCGC TCGCCCCGCAA GACCGCCCTCGTCCCCGAGCTGAGCCCCACGCCCGGCG CTCCACTCACCC AACCACGGTTCGGTTTCACCTGGTAGTGCATTCTGACCTCCGCAACACGACTGTATGGCTAC TTCT ATTTTCTCAATC AATTATTAAGAGTCTGGAACTTTTTACCCCTTGCGCGACTCTGACTATTTC TCAAAAA AACTCC G TAGACCGCAA TGATT TCCAT TTGT ATATTC AG ATT ACGCTATTAG TAACC TTTTT AAT CA ATAAGCGACCTTTG TCTTT GAAAATGA TC AA AC TACCTTT AA ATTT AGCTT ATA TA AATTC C TACA TA CCTGCA GTAG TGT A ACT TTA ATAC CGGC AACCGTCG CTTCGGGCGG T AT G TCGT TAC AGT AA AGCCCCG AC T ACC TC TC TA C ACC GGAG AC GAGC ACC AGCCC C GC CGG C GG

CT

G G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; 3928LN

m
ut

ab
ili

ty
 ; 

39
31

LN

GGTCCGCGCGGGGGGCG CGCCGCC CGCCCCGCCCCCCCGCCGCACGCGCC ATTCCGCCACTCCCCACGTCGCGACCTCCCCGCGGCCTTCGGCACGCCAGCGCTGACGCCTAATGGTGGTTCCGTGCGCCGATC TCTGGCCTTCCTG CCG ATACATCTCCGTG GCTCTCA ACGTTCTTTACTCGTGATCCCATTCAAGACACGATTCTTGATACGCACG TGTATATTCCCGGAA AGATCGTTTCTTTCCAATT GC ACGTAA TTAACAATTCAAATCCCCCGATAAA TTATTGGTTTTCT GACCTTTTT TACTAT CTAGACTTGAATTTATT TAA TCTAAAA ATTA AACACCCCC TGTTTATGACTATCTGA A GTCTCCTGGAAAAC AAGT TAGGCC TCAT CATTTAATCGGTGCT ATC GTCAT AG CC CTAATATAAG AGA TA TTAA AT CCGAT AGATTT GCGCCTCA TAA GA CGCA ATC A GAC G ATTC CT ACGG G CC ACCGT
GG

G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

0.10

0.12

mutability ; 3928LN

m
ut

ab
ili

ty
 ; 

40
14

LN

CGTCGCC GCCGCCGCGCCGCGCGCCCCCGCGCCCGCCCGGGCGCCCGGCTCCCGCGCCCTCCGCGGGCGGAGTCCCGCGCGCACCCCCCGTCCCGATCGCTGCACGTAGCGCGGCAGACGGCCTATCCCTTCGCGTA GCGGTCTCCTTGCGTAGTCTTGGTATTATACATCAGGTTCTTGCAGTCCTCCCCATTTTGCACTA ATATAAACTTTAC TTTGAGTCACATCAGATTAATACTAGACATAATCTTTATATTGATTTGTA AAGCTCTCATGAACC ACCAA TACG TAATCTT TTC GGGTTCACTTCCGCA CATC CTTATAACGTTATAAC TCGGAC AGAATGTA TCTCTA TATAC CCGATCTTC ACTTGCT CCAATAT GATTAC TAAGCATGACGTTGATATC AAGCTG TTA AAT ATCAAACCGC AAGA GTCA AGT AT ATGA ACT CGTATTTAGCG CAA ATG A GCC AT CAG AGCC AG TTT TC GCAT GC CC GT
ACC AG GC GCC G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; 3928LN

m
ut

ab
ili

ty
 ; 

41
06

LN

GCGCGCGCGCCCGCCGGCCGCCCCCGCGCGCGCCCCGCCGCGGGCCCCCGCCCCCCACGCGCGGGGCTCCCTCCCGCGTGAACCCCGGGCGCCGTCCTGCGCCCCGCGCATATGCGCCTCTCCCCCGGGGAGTACCGTAC
CGACCTTCGCGTCATATAGCGGTTAGATATCACCAAGTCTATTATCCTGCACCACCTTTGTATGAGCTATTTCTTATCACGACTTACTGTACATCTAAACTCATTTATCTTCC

AATGTTAATAGTATTCTATGCTTCGTCTATGTTGATACCTGATTAGTGTCTACTTACGCGCGAATCG
ATCCAACAAATCAAATAGGTACGTACTTTTATGTTTATTAGCTAGAATC

CTATCATAAACACACCTTGAGATAATCATTGATCTAGTCCATACCTCGTT
GGGGTTATATCATAAGTCAGGATTTGTACTAG

TTATAAGCATTATTCA
ATCACTTAACCGGACCCG

AACGATCTCCT
ACATCT
GGGGGCA
ACG
CCA
ACG
AG

GT

G

0 100 200 300 400 500

0

2

4

6

8

index

m
ut

ab
ili

ty

WRC/GYW
WA/TW
SYC/GRS
Neutral

3928LN

C
C

CG GG G
G CCC CGG CCC TCC AGCGC CC CCC C GGG C TACC GGC TG G C CC TG CC CC GC A TC CG GC CG CGCCCG TCC C TCC TG GC GG ACT TC ACTAG AG GC CCT CGG TGCG TT AT AC TG CT TCC ATC GG TGG CCGC A CA AAG G ATCGAACTCCGC TGA CC ATA AGT CC TTGT ATGATTA AACA TTGC AT CT TACT AAA ACATCCTG ACG A A AC TGTG TC TATT ATT ATCTAG GTCC GG AG TT C TATC C ACTT TT AGTA ACAG ATT TGCT GTA AA AGA TT AG AA CT GTG TA TTTGT ATA ATA AC TTCCTAC ATT TGG TATCC CC TATG GC TGGAC AGA ACTC CT TTTAA AC TTTT TAT TT TCCCGT TAC AC T TTAG ATTAG G AT ATAATAC AAC CGGC AC AC GAG TACG AAA TGACC TCG CCCACCGCCATG AT T ATAG ACT TCAACGCG GCTT TGGC ATG ACC C GCCC CACG AGGCCTC GGC GCCC G G

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 3928LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

1

Pearson: 0.88
Spearman: 0.92

C
C

CCG
CG

C CGC CGCGG GGC AC CCC CG GCCC GCGC
CG CGC CG CG GC GC AGCCC TCGG TGC CCCC TC T TGG CCC AAA CC ACC AC GC TC T TC C TT AC TGC GC AT G AG GGCTGCC C CCC AA TCTGCGTG GT AAT TT G TT TTG TG TACG CTC TATCC AACG CAC GTGC TAG TA AA TA G TTTCG TTAAAC TC TGATC CTTT ACA A ATGTGC ACG ATTTAA TG CATCAC TGG AC TAAA AG AAC AC TAG TTGC AG TGA A TC ATTGG TTT T AT AGCC AC TTC ATT A TC TACT ATCA AA TTTT AGTC TC T TGATCT GGA AC TCA GAGC TC CG AC TAGC TA ACTTA TA TCG TATCTCTG AT TC T AGTTG AA AT TTTATG AC T ACAC TATTT AATACG AG AAAAC TGAC GCCAGGG T TACG ACCCG TTGCT TGAC TTCG ACA AGTCT CACTG G AC AC ACG TCCT CTGG GCGTCCG GCC AACA CC CGGT AC CC CG GGC G

G

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 3928LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

2

Pearson: 0.88
Spearman: 0.92

CG GCC
GC CG TC CCG G CCGG TCCCG CGC C CC C TC TG CGG CCG AC C CC T TTCCA GCC C TG GG CC CGCCG AGG AC TC AC TC TCGTCC A AG AG GG G TC A AG AC GT TTC CT TG CGG G CGT CG TCCG GGCTCACAG CT AAG CGC CATCCCGTC TGCCT TG TG T AATC A TC AAT AGTA ATA ATC GTC TAC AAA TTG CG T ATCAC ACTC TTA TCGTCTAC TA T AA A TTG TCCTCG TTTT ATA TC TC AAT A TA TTC AAACTAG C GGAT TTCG AATT AA TGTC TATGTT GT AAT AC TTC TATAT GT ACA AAAG ACCCA TA ATTGA C GC AAA ACG CTG AAC AGCGT TC TTC TGC G TC TTC T TAA CCT TG ATT TTAT ATTG CAG AACTG ACT C AG TC AAAATTC CGC TACC GC GTATCCT AGGGCGATATGTCT TGT C CC AATAC ATTC ACAGCG CGT ACC TCGG AC GC GCCG CG AACGC T CCCGCC GCGGC G

G

0.05 0.20 0.50 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 3928LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

3

Pearson: 0.86
Spearman: 0.9

C
G

G C
CC CCCCGCCG CC CCC GG C GC CCCG CGG CCAC TC GG CC CGC G ACG TC CCCG GTCG CG CTAG ACG TC GACCGCC TTTG T GCTCAGTA T TCCC T G GAG TGC C TAACC CGT G TC CG GT C TAGC G C TTAG ATCCG T ATGC AG TG GTTG G TCT ATTCAC GG ATGC CAC TAG TTCC AG GTC ACAC ATCAT ACATA ATT AATC CA CAA ACCT TGAG TC TGAT TG AC AC TC TAG C AAAC T AAAACA T AGC TT TT ATTT GGAT AA TC TCA AG GC TA AC AT AAGTCTC TG T TAA AAC AA TTTC ACTCA CTT TCGC TTG AGC TC GA CGTG AA AAC G TT G ATTG GTG CC TT TTAATTCG AA TT TT ATTC A TTC CTTC ATT T ATTAG TTACC A ATAAT AAC AAG TA TC AC AGCGGGC AGCCGT AATACCC TATCGC TC TT CT CACCCG AT AGCCC GGGGC AGC C ATCG GGCG CG ACT ACGCGCCGCCGCGC G

G

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; 3928LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

4

Pearson: 0.87
Spearman: 0.9

C

GCCC
G C

CG CCG C GTCC GACGCCG GCG CC CCG AC CCG C CC CTGG TC GC GCG G CGGC GC C CC C AGC G TA TCC TC C CTGC A AGG T G GG TC GTGCGG CG CCC AGTCACGC T AC ACA AG G GACCC TC GGAC GTGGT TTG TC T CT GATA TCG AC GT GACA TG G TATTCC T TAT ACCTGCCAA GTT GG TTG TT CC TT ATTAAG GCACCT TGAT GAAAG T TTC TA TT ACAC T AT CCT GACC AAAT AA C TAA CTT ATTC G TGT T CTCT AT CTC AT AG TA CCCCA TACA TAA GG TTC T ATTGAACAG AAGC TGT A TA A CG CC ATT TC ATCTA AATCT TT T AGGCC TTA ATCA AC ATT TGAAAGCACC TTAA TTTA GT AA TAGT GAA GT CG CC GCA AAAT AT TGC ATC CGAC ACTT G CGCA GC GA C GGTTA CAG AAT GCTTC AAC CGC TCT AT ATA AAGC AGCT CC GTC CGC GCC CC G G
T

0.05 0.20 0.50 2.00 5.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; 3928LN

m
ut

ab
ili

ty
 [l

og
] ;

 h
u4

20
14

3

Pearson: 0.76
Spearman: 0.85

G

CC C
CCGCCC CCG CCC CGG C CCC CC AG TGG TG C TCCG CGCCCG G GCCT AGC C TG GC GCCG TCCACCG CCG TGCG TCCCC GTCA TCTG CT CG GG TGC TAT CAG GCCCC TCG TCGC GG GC TC TGC AGTA CG G ACCAGC T CCTTG G AAGGC AC TG CCC GG A TTAATT TTC AC CATACG AGT TA CT GC CAG GG ATAAC TG TCA GATACC ATT AA ACTG GATAC GC TTC TT ATAATCTA TTCT GTC TTGTT AAAAC GAT TC AATC AATTCT A AG CTACA AA TAA TT TGAG A ATC GA A TC A ATCA CGC CT ATATTG GC GA TAC ATC TGTCC TA G AATC A TTACTTTAT TC AT GG GCTA TC AA TTT TTC ATT TCG TTT TC GATCCGGGAATAATT AC TGGT ATC AA GTA ATC A CCT TTCACTC CCTATGATA AC TTCCT GGA AT TAGC TTC GA GGA ACC TC TTAC ATCAAGTGCCG CGA CCCCGC GC CAAC AC G GGCCCC

G
G

0.05 0.20 0.50 2.00 5.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; 3928LN

m
ut

ab
ili

ty
 [l

og
] ;

 4
20

IV

Pearson: 0.88
Spearman: 0.91

G
C

CC
G
G CC

CC CGC TG G CC C AGC C CC GG GCCCC CG G GG TGC CCGG GC CTA GC TC C AAA GCG TTCC T AC CCC ACC CCC TT G AAAG CC AC GTTTC CGC TCC GCG ATC CCG G AG AG ACC TTTC AC G GATA TGCGC TGA T TCCCTG TT TGTC AG GAAC CC ACG TACTTAAAGT T G AA AT ATTC ATA TA TATT GATA GC T TCT TT GGTT G TAC AAA AGT TTC TTA A TCA AAC CG TC AC T TGC TTA AG CG TCCT TT GATA T CC C AAG TG TA TG TC TTGC TC ACAA AT G GAT ATTA A TC TG CTTCT AC TGACCC G TCT TAG AA ATC G CCA T TT AG A ACACGAT TG ACA TC TC CTT AT TAT ATAGGGTCC AAT GATT C TCA TT ACG TC ATTT TG CA TGCGGCCCC ATC AGC AAA AACT AGTCG TAGC AGTCGCG C GCCCTT ACCA CCGCC G CGAGCC G
C G

0.05 0.20 0.50 2.00 5.00

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; 3928LN

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

5

Pearson: 0.81
Spearman: 0.86

CGCCGGCCGCTCGGGGGCTGC TCCGCCATTGCGACC GGCC GCCGA GCGCTCGCCCGCAA GACCGCCCCGTCCCCGAGCTGGCCCCACGCCCGG CGTCCACTCACCCAACC ACGGT TCGGTTTCACCTGGTAGTGCATTCTGACCTC CGCAACACGACTGTATGGCTAC TTCT ATTT TCCAACAATTATC TAAGAGTCTGGAATTG TTTACCCTT GCG C GATCTGACTAT T TTCA AA AA AACTCC G TAG ACCG CAATGA TT TCCA TTTGTATATTCG AT TAC CGCTATT AG TAA CCT TTTTAATCATA AGCGAG CCT TTGTCTT GAAAATGATCAAACT AC CTT TAA ATT AT GCT ATA T AAT TC CTAC AATA CCTGC GTG TTAACT TTA AT A CGGCAACCGT C G CT T CGG GCGGTC AT G TC GTTACAT AA A GCCCC GA CTACC TCT CTA C ACC GGA G AC GA G CA CC AGC CC C GCCG GC GG

CT

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−1

m
ut

ab
ili

ty
 ; 

39
31

LN

GGTCGCGCGGGGGGCGGCCGCCCGCCCGCCCCCCGCGCACGCGCCTTCCGCCACCCCCA CGCTCGCGACCTCCCC GCGGCC TCGGC ACGCCAGCGCTGACGCCTAA TGGTGGTTCGTGCGCCGATCT CTGGCCTTCCTGCCGTACATCTCGTG GCCTCA ACCGTTCTTTATCGTGATCCCAT TCAAGACA CGATTCT TGATAC GCAC G TGT ATATCC CG GAA AGA CGTTTCTTT CCAAGTT GACGTAATTAACAATT CAA ATCCCCCGA TAAATTATT GGTTTT CTGA CCTT TTTA CTAT CT AGACTTGAA TTTA TTAA TCTAAAAA TTA AA CA CC CCGT TTTG ACTAT CT GAA GCT CT G GAAAA CAAGT TA G GCCT CT CA TTTAAT CGGTGCT A TC GT CAT A G CCCTAAT ATAAGATA TTA AT CCGA TAGA TT T GCGC CT CA TAAG
A CG CA AT CA GA CGATT C CTA CG

G G
CCAC CG

T
GG

G

0 2 4 6 8

0.00

0.01

0.02

0.03

0.04

0.05

0.06

mutability ; PGP1−1

m
ut

ab
ili

ty
 ; 

40
14

LN

CG G CC GCCGCCGGCCGCGCGCCCCGCGGCC CCGCCGGGCGCCCGGC TCCGCGCCC TCCGCGGGCGGCAGTCCCGCGC AGCACCCCCCGTCCCGATCGCTGCACGTGCGCGGCAGACGGCCTACCCT CGGTA GCGGTCTCCTTGCGTAGTCTTGGTATTATACATCAGGTTCTTGCAGTCCTCCCATTTTGCAC TA ATAAACTTTATTTGAG TCAC ATCAGATAATACTA GA CATAATCTT TATTTGATT TGTAAA GCT CT CTAT AGAACC AGCCACTACGTAA TTT TTGGGTCA CT TC CG CA CA TCTTA TAA CGTT ATAAC TCGGACAGAATGTAT CT CTTA TATA CC CGAT CTTCA CTT G CT CCAA TAT GA TTA CTAA GCAT GA CGTTGA TA CAAGCTG TTAAATT CAAAC CCAAGA GT CT ATAT GAACT CGTAT TTA G CG CAA AT GA GC CAT C CA GA G CC AGTTT T CGA
CA TG CCC G

T A C
CA GGC

G
C

G

0 2 4 6 8

0.00

0.01

0.02

0.03

0.04

0.05

mutability ; PGP1−1

m
ut

ab
ili

ty
 ; 

41
06

LN

GCGCGCGCGCCCGCCGGCGCCCCGCGCGCGCCCCGCCGCGGGCCCGCCCCCCACGCG CGGG GCTCTCCCGCGTGAACCCGGGCGCCGTCCTGCGCCGCGCA TATGCGCTCTCCCCCGGGGAGCGTACCGACCTTCGCGCATATAGCGTTAGATATACCAAGTCTATACCTGCACCACCTT GTATGAGCT ATTTCTTATCACGA CTTACT GTA CAT CTAAACTCAT TATCT C CAATGTTAA TAGTATT CTA TGTT CGTCT TGTT GA TACCTGATTAGTG TCTACTTAC GCGCGAAT CGA CCA ACAA AT CAAA TGGTA CGTA CTTT T ATGTTTATTGC TA GAAT CCTAT CATA AA CA CA CCTT GGAAAT CAT T GA TT AGT CCAA CCTCG TT GGGTTATAT CA TAA GT CAGAT GTA CTA GTTAT A GCA TTTT CAA TCA CT TA ACCGGA C CCGAA CGA TC T CCTA CAT CTG G GG GCA C GC CA
A CG

A G

GT

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−1

m
ut

ab
ili

ty
 ; 

39
28

LN

CCCGGGGGCCCCGGCCCTGCCAGCGCCCCCCCGGGCTACCGGCTGGCCCTGCCCCGCATCCGGCCGCCGCCCGTCCCTCCTGGCGGACTTCACTAGAG
GCCCTCGGTGCGTTATACTGCTTCCATCGGTCGGCCGCACAAAGGATCGAACTCCGCTGACCATAAGTCCTTGTATGATTAAACATTGCATCTTACTAAAACATCCTGA

CGAAACTGTGTCTATTATTTATCTAGGTCCCGGAGTTCTATCCACACTTTTTAGTAACAGATTTGCGTGTA
AAAGATTAGAACTGTGTATTTGTATAATAACTTCCTACATTTGGTATCCCCTATGGC

TGGACAGAACTCCTTTTAAACTTTTTTATTTTCCCGTT
ACACTTTAGATTAGGATATAATA

CAACCGGCACACAGAGTACGAAATG
ACCTCGCCACCACCGCC

ATGATTATAGACT
TCAACGCG
GCTTTGG
CAT
GACC
CGCCCC
ACGA
GGC
CT
C
GGCGCC
C

G

G

0 100 200 300 400 500

0

2

4

6

8

index

m
ut

ab
ili

ty

WRC/GYW
WA/TW
SYC/GRS
Neutral

PGP1−1

C
C

CC G CG
CCG CCG CGG GG C AC CCCCGGCCCG C GC CC GC GC CG CG GCGCAGCCCT CG GTGC CC CCG TCT TGGCCC AA AC C ACCACGC TCTCCTTAC TG C GC ATGA GGGCTGCCCC CCAA TCTGCG TG GT AA TTT GT TTT G TGTACGCTC TA TCC AAC GCACGTG C TAG TAAAT A GTTTCG ATTA AA C TCTG ATCCT TT ACA AATGTGCACGAT TT AATGCAT CAC TGGAC TAAA AGAA C AC TAGTTGCAG TGCAATC ATT GTGT T T AT AGC CA CTT CATT A TCTACT ATGCA AA TTTT AG TTC TCT TGATCTGGA CTAGA GCTC CGACTAGCTA ACTTATATC GTATCTC TG ATTCT AGTTG AAATTTAT G ACTA CACTATTTAAATACGAGAAAACTGACGCCAGGGT TACGACCCG TT GCCTTGA C TTCGACAGTCT CA CTGGACA CACTC CTC T GGGCGTCCGGCCAACACCCGGTA CCCCGGGCG

G

0.02 0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; PGP1−1

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

2

Pearson: 0.97
Spearman: 0.95

CG GCC
GC C G TC CCG G CCG G TC CC GCG CC CC CT C TGG GC CGAC CCCTT TCCAG CCCTG GGCC CG CCG AG GAC TC ACTC TCGTCCA AGAGGG GT CA AG AC GT TTCCTGCGGGCGTCG TCC G AGGC TCAC AGCT AAG CGC CAT CCC G TCTGCCTTGTG TA A TCA TC AATT AGTA ATA ATCG TC TACAAA TT GCG TATCACACT CTTA TCGTC TAC TAT AAA TT GTCC GTCGTTT TATA TC TC AAT ATA TTC AAACT AG CGGAT TTCG AATT AA TGTCTATGT TT GT AATAC TTCT ATAT GT ACA AC AG ACCCATAATT GA CTGCAAAACG CTGAACAGC CGTTC TTTG CGTCTTCT TAA CC TTG ATTTT AT ATTGCA GAACTG ACCAGTCAAAATTC CGCT AACCGCGTAT CCT AGGGCGATAT GTCTTGCCCAATACA TTCACA GCGCGTACC CTCGGACGCGCCG CG AACGC TCCCGCCGCG

GC G
G

0.02 0.05 0.20 0.50 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; PGP1−1

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

3

Pearson: 0.95
Spearman: 0.93

C
G

G C
CC CCC CG CCG C CCC CGG C GC CCCG C GGC CAC TC GG CCGCG ACG TCCCCG GTCG CG C TAGACG TC GAC CGCCTT TG TGC TCAGTATC CCTG GA GT GCC TAACC CGT GT CG GTC TAGC G C TTAG ATC CGT ATGC AGG TG GTTGG TC T ATTCACGGATGCC ACTAGT TCC AG GTC ACACATCAT ACAT CAA TT A GATC CAC AAACCT TGAGTCT GAT TGACACT CT TAGC AAA CT AAAACA TAGCTT TT ATTT TGGA T AA TC T CAAG GCTA C ATAA GTCT CTG TTAAAACAATTTC ACTCA CTTT CG TTGAGCTCGACGT GA AA ACGTTG ATTTGGTGC CTT TT AATTCGAATTTAT TCAT TCCT TC ATC T T ATTAGTTACC AATAA AACAAGTA TCAC AGCGGGCAGCCGT AA TACCCTATCGCTCTTCTCAA CCCATAGCCC GGG GC AGCCA TCG GGCG CG ACTC ACGCGCCGCCGCGC G

G

0.02 0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; PGP1−1

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

4

Pearson: 0.96
Spearman: 0.93

C

GCCC G C
CGC CG C G TCC GAC GCCG GCG CCCCG ACCCGC CC TGG TC GCGCG GCG CGCG CC CC C AGCG TA TCCC C CT GCA AGG T GGG TC GTG CG GCG CCC A GT CA CGC TAC ACA AG G GACCC TC G GAC GTGG TT TG TC CTCT GTATC GACGTACA TG G TATT CCT TAT A CGCTG CCAA G TTG GTG TCCTT A TTA AG GC AC CT T GAG TAAAG T TTC TA TT ACA CT AT CCT GACC AA ATAA CTA ACTT ATT CGTGT T CT CT AA T C TC AT AG T A CCC CA TA CA TAAGG TTC TATTTGATA CA GA AGC TGT ATAA CG CAT TCA T CCTA AA TCT TTT AGGCC TTA ATCA AC ATT TGA AA GCACCT TAA TT TA GT AAT AGT GAA G CG CC GCAA AA TAT T GCAT CGAC ACTT G CGC GC GA C GGTTA CAG AAT GCTTC A CGCT CT ATATA AA GCAGCT CCGT C CGC GCC CC G

T

0.02 0.05 0.20 0.50 2.00 5.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; PGP1−1

m
ut

ab
ili

ty
 [l

og
] ;

 h
u4

20
14

3

Pearson: 0.76
Spearman: 0.83

G

CC C
CCGC CCCG

CCC CGGC CC CCC AGT GG TG CCCG CGCC CG G GC C TAGC CTG GG CCG TCAC CGCG TGC GT CCC GT CA TCTG CTCG GG TGC TAT CAG GCCCC TCG TCGC GG GCCTGC AGTA CGGACCA GC TC CTTGG AA GGC ACTGCCC GGATTA ATTT CACCATACG AGTTACTC CAG GGATA ACTG TC TAT ACCA T T AA ACT G GATCG CT TC TT ATA AT CTAT TCTGTCTTGT TA AA AC GA TTT CAATCAA TT CTAAGCT A CA AA TAA GTT TGAGAAT CGAA TCA ATCACGC CTA TATT G GCGA TAATCTGT CCTAG AATA T ACTTTATC ATGGGCTA T CA ATTT TT CATT TCG TT TC GA TCC GGGA AT AA TT AC TGGT AT CAA GTA AT CA CCTTT CACT CCCT ATGATAC ACT TCCGGAAT TAGCT TC GA GGAC CTCTTA CA TCAA GT GCCCG CGAC CCCGC
GCCAAC ACGGGCCCC

G

0.02 0.05 0.20 0.50 2.00 5.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; PGP1−1

m
ut

ab
ili

ty
 [l

og
] ;

 4
20

IV

Pearson: 0.9
Spearman: 0.91

G
C
CC

G
G CCC

CCGC TG G CC AGC C CCGG GC CCC C GGGG TGC CC GG GC CTA GC TC CAAA GCG TTCC T ACCCC ACC CCCTT GAAGCCA CGTTTCCGCCC GC GATC CCGGAG AG AC C TTTC AC GAT ATG CGCTGA T TCCCTG TT T GTAG GAA C CC AC G TACTT A A AGT T GAAATATTC ATA TAT AT T GA TA GC T TC TT GT TGTA C AAA AGT TC TTA A TC A GAAC CG TCAC T TGCT TA AG CG TC CTTT GATAT CC CAAGTGTA TG TCTTG CTCACAA ATG GATATT AAT CTG CTTCT AC TG TAC CCGT CT TAGAA ATC G CCAT TT AG AA CACG AT TG ACA TC C CTTAT TTATA GGGTC CAAT GA TT C TCA TT ACGT CA TTT TGCA TGCGGCCCCA TC AGC AAA AA CT A GTC GTA GCA GTCGCGC GCCCT TACCCCGC GCGAGCCG
C G

0.05 0.20 0.50 2.00 5.00

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; PGP1−1

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

5

Pearson: 0.88
Spearman: 0.89

CGCGGCCGCTCGGGGGCTGCTCCGCCATTGCGACC GGCC GCCGA GCGCTCGCCCGC AA GACCGCCCC GTCCCCGAGCTGGCCCCACGCCCGGCG CTCCACTC ACCAAC CACGGT TCGGTTTCACCTGGTAGTGCA TTCTGACCTC CGCAACACGACTGTATGGCTAC TTCT ATTTTCTCAA TCA ATTATC TAAGAGTCTGGAATTG TTTACCCTT GCGC GATCTGACTATTTTCA AA AA AAC TCC G TA GCCGCA ATGA TT TCCA TTTGTATATTCAG AT TAC CGCTATT AGTAA CCT TTTTAAT CA TAAGCGAGCCTTTGTCTTTGAAAATGA TCAAACTAC CTT TAA ATTAGCTATAT A AATTC CTACA AT CCT GC GTG TGT AACT TTAATA CGGCAACCGT C GCT T CGG GCGG TAT G TCGTTA CA TAA AGCCCC GAC TACC TC T CTA C ACCGGA G ACGA G CACC A GC CC C GCC GGC GG

CT

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−2

m
ut

ab
ili

ty
 ; 

39
31

LN

GGTGCG CGGGGGGCG CGCCGCC CGCCCGCCCCCCGCGCACGCGCCTTCCGCCACCCCCACGTCGCGACCTCCCCCGGCC TTCGGCCGCCAGCGCTGACGCCTAATGGTGGTTCGTGCGCC GATCTCTGGCCTTCCTG CCGT ACATCTCGTG GCCTCA ACCGTTC TTTATCGT GATCCAT TCAAGACA CGATTCT TGATAC GCACGTGTATA TTCCCG GAA AGA CGTTTC TTCC AAGTT GACGTAATTAA CAATTCAA ATCCCCCGA TAAATTATT GGTTTT C TGA CCT TTTTA CTAT CT AGACTTGAA TTTATT TTAATCTAAAAA TTA AA CA CC CCGTTTATG ACTAT CT GAA GCT CT GGAAA CAAGT TA GGCCT CT CAT TTAA TCGGT GCTA TC GTCATA G CCCTAAT ATA AGA GTA TTAA AT CCGA TAGA TT T GCGCCT CA TAA GA
CG CA ATCA GA CG ATT C CT ACG

G G
CCA C CG

T
GG

G

0 2 4 6 8

0.00

0.01

0.02

0.03

0.04

0.05

0.06

mutability ; PGP1−2

m
ut

ab
ili

ty
 ; 

40
14

LN

CGCC GCCGCCGGCCGCGCGCCCCGCGGCCCGCCGGGCGCCCGGC TCCGCGCC GCTCCGCGGGCGGCAGTC CCGCGCGCACCCCCGTCCCGATCGCTGCACGTGCGCGGCAGACGGCCTACCCT TCGGTA GCGGTCTCCTTGCGTAGTCTTGGTATTATACATCAGGTTCTTGCAGTCCTCCCATT TTGCACTAT A TAA ACTTTATTTGAGT CACTCAGAT TAATACTAGACA TAATCTTTATATTGATT TGTAAA GCTCTCTATA GAA CC AGCCACTACGTAA TCTTT TGGGTCACTTCCGCA CAT CTTATAACGTT ATAACTCGGACAGAAT GTA T CTCTA TATACC CG AT CTTCA CTTG CT CCAA TA T GA TTA C TAA GCAT GA CGTTG ATA CTAA GCTG TTAAATT CAAA C CCA AG GT C AGTATA T GA ACTC GTAT TTA G CG CAA AT GA GC CATC CAGA GC CAGTTT T CGA
CA TG CCC G

T A C
CA GG
C G

C
G

0 2 4 6 8

0.00

0.01

0.02

0.03

0.04

0.05

mutability ; PGP1−2

m
ut

ab
ili

ty
 ; 

41
06

LN

GCGCGCGCGCCCGCGGCGCCCCGCGCGCGCCCCGCCGCGGCCCGCCCCCCACGCGCGGG GCTCTCCCGCGTGAACCCGGGGCCGTCC TGCGCCGCGCAT ATGCGCTCTCCCCCGGGGAG TCGTACCGACCTTCGCGCATATAGCGTTAGATAT ACCAAGTCTATATCCTGCA CCCCTTGTATGAGCTATTTCT TATCA CGACTTACTGTACAT CTAAACTCATT TATCTCCAATGTTAA TAGTATT CTA TGCTTCGTCT TGTT GATACCTGATTAGTGTCTACTTAC GCGCGAAT CGA CCAACAAAT CAAATGGTA CGTA CT TTT AT GTTTATTAGCTA GAT CCTAT CA TA AA CA CA CCTT GGAAA TCAT T GA TT AGT CCAA CCT CG TT GGGTTAT AT CA TAA GT CA GGAT GTA CT AGTT A TA GCA TTAT T CA AT CA CTTA ACC GGA C CCGAA CGA TCT CCTAC AT CTG G GG GCA CGC CA
A C GA G

GT

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−2

m
ut

ab
ili

ty
 ; 

39
28

LN

CCCGGGGGCCCCGGCCC TGCC AGCGCCCCCCCGGGCTACCGGCTGGCCCTGCCCCGCA TCCGGCCGCCGCCCGTCCCTCCTGGCGGACTTCACTAGAGGCCTCGGTGCGTTATAC TGCTTCCATCGG TGGCCGCACAAAGGATCGAACTCCGCTGACCATAAGTCCTTGTATGATTAAACATTGC AT CTTACTAAAACATCCTGAAAACT GTGTCTATTATT AT CTAGGTCCGGAGTTCTATCCCACT TTTTAGTAACAGATTTGC GTGTAAAAGATTA GAACTGTGTATTTGT ATAA TACTTCCTACA TT TGGTATCCCCTA TGGC TGGACAGA ACTCC TTTTAAACTTTTTTTTTTCC CGT TACACTTTAGA TT AGGATAT AAT ACAACCGGCACACA GAG TA CGA AATGA CCTCG CCA C CAC CGCCA TGATT ATAGACT TCAAC GCG GCT TTG GC ATG ACC
CGCC CC ACG A G GCC TC

G GC GCC
C

G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−2

m
ut

ab
ili

ty
 ; 

P
G

P
1−

1

CCCCGCGCCGCCGCGGGGCACCCCCGGCCCGCGCCCGCGCCGCGGCGCAGCCCTCGGTGCCCCCGTCTTGGCCCAAACCACCACGCTCTTCCTTACTGCG
CATGAGGGCTGCCCCCCAATCTGCGTGGTAATTTGTTTTGTGTACGCTCTATCCAACGCACGTGCTAGTAAATAGTTTCGATTAAACTCTGATCCTTTACAAAT

GTGCACGATTTAATGCATCACTGGACTAAAAGAAGCACTAGTTGCAGTGCAATCATTGTGTTTTATAGCCACTTCATTATCT
ACTATGCAAATTTTTAGTTCTCTTGATCTGGAACTCAGAGCTCCGACTAGCTAACTTATATCG

TATCTCTGATTCTAGTTGAAATTTTATGACTAC
ACTATTTAAATACGAGAAAACTG

ACGCCAGGGTTACGACCCGTT
GCCTTGACTTCGAC

AAGTCTCACTGGACA
CACGTCCTC
TGGGCGTC
CGG
CCAAC
ACCC
GGT
ACC
CC
GGGC
G

G

0 100 200 300 400 500

0

2

4

6

8

index

m
ut

ab
ili

ty

WRC/GYW
WA/TW
SYC/GRS
Neutral

PGP1−2

CG GCC
GC CG TC CCGGC CG G TCC C GCGCC CCC TC TGG GC CG AC CCC TT TCCAG CC C TG GG CCCG CCG AGGAC TC ACTC TCGTCCA AG AG GG GTC A AGACGT TTCC TG CGG GCGTCGT CC GAGGC TCACAGCT AAG CGC CATCCC G TC TG CCTT GTGTAATCA TC AA TT AGTA AT A ATCG TC TACAAATTGCGTATCAC ACTC TTA TCGT CTAC TAT AAATTGT CC GTCGTTTT A TA TC TC AATA TATT CAAACTAGCGG AT TT CGA ATT AA T GTC TAT GTTGTAATACTTC TATATGT ACA AAGACCCATATTT GA CTGCAA A ACGC TGAACAGC CGT TTTCTG CGTCTTCT TA A CCTTG ATTT TATA TTGCA GAA CT G ACT C AGTCA AAATTC CGCTAACCGCGTA TCCT AGGGCGATA TGTCTTGCCCAATACA TTCACA G CGCGT ACCCTC GGACGCGCCG CG AACGC TC CCGCCGCGG

C G
G

0.02 0.05 0.20 0.50 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; PGP1−2

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

3

Pearson: 0.96
Spearman: 0.94

C
G

G C
CC CCC C GCCG C CCC CGGC GC CCC G CGG C CAC TC GG CCGCG ACG TCCCCG GTCG CG CTAG A CGTC GACCGCC TTTGT GC TCAGTA TC CC TG GAGT GCCT AACC CGT GT CG GTC TAGC GC TTAG ATC CGT ATGC AG G TG GT TGGTCTTTCACGGATGCCACTA G TTCCAG GT C ACACATCAT ACAT CAA TTA GATCCA CAAAC CTTGAG TC TGAT TGACATC T TAGC AAACTAAA ACA TAGCT TTT ATTT GGA TAA TCT CAAGGCTA C AT AA GTCT CTG T TA AAC AA TTTC ACTCA CT TT CGCTTGAGCTCGACGT GA ATA ACGTTGATT TGGTG CCTTTT AATTCGAA TTTATTCA TTC CT TC ATT TATT AGTT ACC AATAAT A AC AA GTA TCACA GCGGGCAGCCGT AA TA CCCTATCGCTCTTCTCAA CCCATAGCCC GGGGC AGCC ATCG GGCG CG ACTC ACGCGCCGCCGCGC G

G

0.02 0.10 0.50 2.00 10.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; PGP1−2

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

4

Pearson: 0.96
Spearman: 0.94

C

GCCC G C
CGC CG CG TCC GAC G CCG GCG CCCCG ACC CG CCC TGG TC GC GCG GCG CGCG CC CC CAGC GTA TC CCC CTGCA AGG T G GG TC GT GCGG CGCCC AGT CACGCTAC ACA AG G GACCCT C G GAC GTGG TT TG TC T CT GTA TC GAC GTA CA TGG TA TT CCT TAT A C GCTGCCAA G TT G GTG T CCT T ATTAAG GCACCT T GAG T GAAAG TTTC TATT ACA CT AT CCT GA CC AA ATAA C TA ACTT ATTCGTGT T CT CTA AT C TC AT AG T CCCCA TA CA TAAGG T TC TA TT TGATA CA GA AGC TGT ATAA CG CT AT TCA T CCTAAAT CT TT T AGGCC TTA ATCA AC A TT TGA AA GCACCTTA TT TA GT AAT AGT GAA G CG CC GCAAAA TAT T GCATC CGAC ACT TG CGC GC GA C GGTTA CAGAAT GCTTCAA CGCT CT AT AT AAA GCA GCT CC GT C CGC GCC CC G

T

0.02 0.10 0.50 2.00 10.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; PGP1−2

m
ut

ab
ili

ty
 [l

og
] ;

 h
u4

20
14

3

Pearson: 0.75
Spearman: 0.84

G

CC C
CGC CCCG CCC C GGC CC CCC AG TGG TG CCCG CGC C CG G GC C TAGC CTG GG CC GTCACCGC GTGCGTCCC GT CA T CTG CTCG GG TGCT ATCA GGC C CC TCG TCGC GG GCCTGC GTA CG GACCA GC TC CTTG G AA GGC ACT GCCC GGA TTA ATTTCACCA TACG A GTTACTC CA G GGATA ACTGTC TA GTACCAT T AA ACTG GA TGCT TCTT ATAAT CTA T TC TGT CT TGTT A AA ACGA TTCAATCAATTCT AA GCTACA AA TAA GTT TGAGAAT CGAA TCA ATCACGC CTATATTG GCGATAAT C TGTC CTAGA AT CATA CTTTATC ATGGGCTA TCA ATTT T T CATT TCG TT TC GATCC GGGA AT A ATT AC T GGT A T CA GTA AT CA CCTTT CACT C CCTA TGA TAC A CT TCCGGAAT TAGCTTC GA GGAACCTCTTA CA TC AAGT GCCCG CGA CCCCGC GCCAAC AC GGT GCCCC

G

0.02 0.10 0.50 2.00 10.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; PGP1−2

m
ut

ab
ili

ty
 [l

og
] ;

 4
20

IV

Pearson: 0.89
Spearman: 0.91

G
C

C C
G

G CC CCCGC TGG CC AGCC CCGG GCCC CC GGG G T GC CCGG GC CTA GC TC CAAA GCGTT CC T ACCCC ACC CCC TT GAAG CC A C GTTTC CGC CC GC GATC CCGGAG AG AC C TTTC AC GAT A TG CG CTGA T TC CCTGTT T GTAG GAAC CC ACG TACTTA A AGT T GAAATATTC ATA TAT ATT GA TA GC TT CTT GGTT GT AC AAA AGTTC TTA A TCAGAAC CG TC ACT TG CT TA AG CG TC CTTT G ATA T CC CAAGTGTATG TC TTG CTCACAA AT G GATATT AAT CT G CT TCT ACTGTA CCC GT CT TAGAAATC G CCA TTTAGA A CACG AT TG ACA TC C CTTAT TATATA GGGTCCAAT GA TT C TCA TT ACGT CATTT TG CA TGCGGCCCCA TCAGC AAAA CT AGTCGTA GCAGTCGCGC GCCCT TACCCCGCC GCGA GCCG
C G

0.02 0.05 0.20 0.50 2.00 5.00

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; PGP1−2

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

5

Pearson: 0.88
Spearman: 0.88

GCGGCCGCTCGGGGGCTGCTCCCGCCATTGCGACC GGCC GCCGA GCGCTCGCCCGCAA GACCGCCCTCGTCCCCGAGCTGGCCCCACGCCCGGCG CTCCACTC ACC CACCACGGTTCGGTT TCACCTGGTAGTGCATTCTGACCTC CGCAACACGACTGTATGGCTAC TTTCTATTTTCC AA CA ATTATTAA GA GTCTGGAAT TTTTACCCTT GCGC GATCTGACTATTTTCAAAA AACTCG TAG ACCG CA ATGATT TCCA TTTGTATATTCG AT TAC CGCTATTAG TAACCTTTTTAATCA TAAGCGAGCCTTTGTCTT TGAAAATA TCAAACTAC CTT T AA ATT ATGCTATA T AAT TCCTACA A TCCT GC GTAG TTAACT TTAAT A CGGCAACCGTC G CTT CGG GCGGTC AT GTC GTTA CA TA AA GCCCCGA CTACC T CT CTA C ACCGGA GACGAG CA CC AGC
CC C GC CGGC GG

CT

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−3

m
ut

ab
ili

ty
 ; 

39
31

LN

GGTGGCGGGGGGCG CGCCGCC CGCCCGCCCCCGCCGCACGCGCCTTCCGCCACCCCCACG CTCGCGACCTCCCCCGGCC TCGGC ACGCCGCGCTGACGCCTAATGGTGGTTCGTGCGCCGATCT CTG GCCTTCCTGCCGT ACATCTCGTGGCTCTCAAC CGTTCTTTATCGTGATCC CATTCAAGACACGATTCTTGAT AC GCAC TGTATATCCCG GAA AGA CGTTTCTTTCCAAGTTGACGTAATTAACAATTCA AT CCCCCGATAAA TT ATT GGTTTT CT GACCTTT TTTA CTAT CTAGACTTGAATTTAT TTTAAT CTAAAAA TTAAA CA CCCCGTT TTG ACTAT CT GAA GCT CT GGAAA CA AGT TA G GC CT CAT CATTTAA TCGGT GCTAT C GT CATA GCCCTAATATAAGATA TTA AT CCGATAGA TTT GC GCCT CA TAA GA CG CA ATC A GA CGATTC CTA CG
G G

CCA CCG
T

GG

G

0 2 4 6 8

0.00

0.01

0.02

0.03

0.04

0.05

0.06

mutability ; PGP1−3

m
ut

ab
ili

ty
 ; 

40
14

LN

C CC GCGCCGCGCCGCGCGCCCCGGCCCGCCGGGCGCCCGGCTCCGCGCCCTCCGCGGGCGGAGTCCCGCGCGCACCC CCCGTCCCGATCGCTGCACGTGCGCGGCAGA CGGCCTATCCCT TCGGTA GCGGTCTCCTTGCGTAGTCTTGGTATTATACAT CGGTTCTTGCAGTCCTCCCATTTTGCACTA ATAAACTTTATTTGAGT CCATCAGATAATACTAACATA ATCTTTATTTGATTTGTAAAGCTCTCT ATA GAACC AGCCA CTACGTAA TCTTTTGGGT TCA CTTC CGCA CATCTTATAA CGTT ATAAC TCGGACAGAATGT AT CT CTTATATA CC CGAT CTTCA CTT G CTCCAA TAT GATTA CTAA GCAT GA CGTTGATA CTAA GCTG TTA AA TT CAAAC CCAA G GT CAT ATAT GA A CT CGTATT TA GC GCAA ATGA GC CAT CCA GA GC C AGTTT T CGA
CA TG CCC G

T A C
CA GGC G

C
G

0 2 4 6 8

0.00

0.01

0.02

0.03

0.04

0.05

mutability ; PGP1−3

m
ut

ab
ili

ty
 ; 

41
06

LN

GCCGCGGCCCGCGGCGCC CCGCGCGCGCCCCGCCGCGGCCCGCCCCCCACGGCGGG GCTCCTCCCGCGTGAACCCGGG CGCCGTCCTGCGCCGCGCAT ATGCGCTCTCCCCCGGGGAG TCGTACCGACCTTCGCGCTATAGCGTTAGATAT ACCAAGTCTAT TACCTGCACC ACCTTTATGAGCT ATTTCTT ATCACGACTTACTGTA CAT CTAAA CTCATTATCT TC CAATGTTAATGTATTCTATGCTT CGTCTT GTT GATACCTGATTAGTGTCTACTTAC GCGCGAATCGA CCAACAAAT CAAATGGTA CGTA CTTT TAT GTTTATTGCTA GAT CCTAT CA TA AA CA CA CCTT GA GAAA T CATT GA TTA GTC CAA CCTCG TT GGGTTATAT CA TAA GT CAGAT GTA CTA GTTATA GC A TTTT CAAT CA CT TA A CCG GACC CGAA CGA TC T CCTA C AT CTGG GG GCA CGC
CA

A C GA G

GT

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−3

m
ut

ab
ili

ty
 ; 

39
28

LN

CCGGGGGCCCCGGCCCTCCAGCGCCCCCCGGCTACCGGCTGGCCC TGCCCCGCA TCCGGCCGCGCCCG TCCCTCCTGGCGGACTTCACTAGAGGCCTCGGTGCGTTATAC TGCTTCCATCGGT CGGCCGCACAAAGGATCGACTCCGCTGA CCTAAGTCCTTGT ATGATTAAACATTGCATCTTACTAAAACATCCTG ACAAACTGTGTCTATTATTTATCTAGGTCCGGAGTT CTATCC CACTTTTT AGTAACA GATTTGCGTGTAAAAGATTAGAACTGTTAT TTGTATAATAACTTCCTACATT T GGTATCCCCTA TGGCTGGAC AGA ACTCCTTT TAAACTTTTTTT TTTCCCGT TA CACTTTAGATTAGG ATATAATAC AACCGGCA CACAGAGTACGAAATGACC TC GC CA CCA CCG CCA TGATT ATA GACT TCAA CGCGGCT TT GGCA
TGA CC

CG CC CC ACG AG G CCT
C

GGC GC C
C

G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−3

m
ut

ab
ili

ty
 ; 

P
G

P
1−

1

CCCGCGCCGCCGCGGGGCACCCCGGCCCGCGCCGCGCCCGGCGCAGCCCTCGGTGCCCCCTCTTGGCCCAAACCCCACGCTCTCCTTACTGCGCATGAGGGCTGCCCC CC AATCTGCGTGGTAATTTGTTTTGTGTACGCTCTATCCAACGCACGTGCTAGTAAATAGTTTCGATTAACTCTGATCCTTTACAAATGTGCACGA TTTA ATGCATCACT GGACTAAAAG AACACTAGTTGCAG TGCAAT CATTTGTT TTATAGCCACTT C ATTA TC TACTATGCAA ATTTTT AGT TCT CTTGATCTGGA CTCAGA GCTC CGACTAGCTA AC TTA TATC GTAT CTCTGATTCTAGT TGAA ATTT AT GACTA CACTATTTA AATACG AGAAA ACTGACGCCAGGGT TACGACCCG TTGC CT T GA CT TCGACA GTCT CA CTG GACA CA CTCC TC TG GGCGTCC
GGCC AA CACC CGGT
A CCCC

GGGC
G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; PGP1−3

m
ut

ab
ili

ty
 ; 

P
G

P
1−

2

CGGCCGCCGTCCCGGCCGGTCCCGCGCCCCCTCTGCGGCCGACCCCTTTCCAGCCCTGGGCCCGCCGAGGACTCACTCTCGTCCAAGAGGGGTCAAGACGTTTCCTTGCGGGCGTCGTCCGA
GGCTCACAGCTAAGCGCCATCCCGTCTGCCTTGTGTAATCATCAATTAGTAATAATCGTCTACAAATTGCGTATCACACTCTTATCGTCTACTATAAATTGTCCGTCGTT

TTATATCTCAATATATTCAAACTAGCGGATTTCGAATTAATGTCTATGTTTGTAATACTTCTATATGTAC
AAACAGACCCATAATTTGACTGCAAAACGCTGAACAGCCGTTCTTCTGCGTCTTCTTAA

CCTTGATTTTATATTGCAGAACTGACTCAGTC
AAAATTCCGCTAACCGCGTATCC

TAGGGCGATATGTCT
TGTCCCAATACAT
TCACAGCG
CGTACCC
TCGGACGCG
CCG
CG
AACGCT
CCCGC
CGC
GG
C
G

G

0 100 200 300 400 500

0

2

4

6

8

index

m
ut

ab
ili

ty

WRC/GYW
WA/TW
SYC/GRS
Neutral

PGP1−3

G

GC
CC CCC CG CCG C CCC CGG CG C CCC CGGCCAC TC GG CCGCGCG TCCC C GGT CG CG CT AG ACGTC GACCGCCTT TGT GC TCA GTAT TC C CTG GA GT GCCT AACC CGT GTC CG GT C T AGC GC TTAG ATCCGT ATGCAGTG GTTGG TC TTTC ACGG ATGC CACT AGT TCC AG GT C ACACATCAT ACA T CA ATTA GA TCCAC AAA CCTTGAGTC TGATTGACA CTCT TAGC AA AC TAAAACA T AGCTT TTAT TT TGGA TAATC T CAAGGCTA ACA T AA GTCT CTGT TAAAACAA TTTC ACTC ACTTT CG CTTGAGCTCGAC GTGA ATAA CGTT GATTT GGTCCTTTTAATTCG AA TTT TAT TCATTCCTTCATCT TATTAGTT ACC AATAA TAACAA GTA TCACA GCGGGCAGCCGT AATA CCC TATCGCTCTTCTC AAC CCATAGCC CGGGG CAGCCA TCG GGCGCGACTC ACGCGCCG

CCGCG
CG

G

0.05 0.20 0.50 2.00 5.00

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; PGP1−3

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

4

Pearson: 0.97
Spearman: 0.95

C

CC
G C

CGC CGC GTCC GAC GCCG GCG C CCCG ACC CGCCC TGG TC GCGCG GCG CGCG CC CC CAGC GTA TCC TC C CTGC A AGG T G GG TCT GCG G CG CCC GT CA CGC T ACA CA AG G GACCCT C GGAC GTGG T TTGTCTC T GTA TCGACG TA CA TGG TATTCCT TAT ACGCTGCCAA GTT G GTG TCCT T ATTAA G G CAC CT T GATAAAG T TTC TAT TACA CTAT CCT GACC AAAT AA C TA A CTT ATTC GTGT T CT CTA AT C TC AT AG T A CCCCA TA CATAAGG T TC TA TTTGAT A CA GA AGC TGTATAA CG CT AT TCA T CCTA AA T CT TTT A GGCC TTA ATCA ACA TTTGA AA GCA CCT TA TTTA GT AA TAGT GAA GTCG CC GCA AAA TAT T GCATC CGAC ACTT G CGCA GC GA C GGTTA CA G AAT GCTTC A CGCT CT ATAT A AA GCAGCT CCGTC CGC GCC CC G
T

0.05 0.20 0.50 2.00 5.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; PGP1−3

m
ut

ab
ili

ty
 [l

og
] ;

 h
u4

20
14

3

Pearson: 0.76
Spearman: 0.83

C C
CGCC C

CG CCC CG GC CC CC C AGTG
G TG CCCGCGC CCG G GC CT GC CTG GGCC GTCC AC CGCG TGC GTCC CGT CA T CTGCT CGGG TGCT AT CAG GC C CC TC GTCGC GG GCTCT GCGTA CG G ACCA GC TC CTTGG AAGC ACTGCCC GGATTA ATTTCA CCA TACG A GT TA CTCC AG GGATA AC TGTC TA ATACCAT T AA ACTG GAT CGCTTCTTA TAT CTATTCT GTCTTGTT A A AAC GAT TTCAATCAA TT CT AAGCTACA AA TAA G TT TGA GAAT CGAA TCA ATCACGCCTAT A TT G GCGA TAATC TGTCCTAGAATCA TA CTTT AT CATG GGCTA TCAATTT TT CATTT CG TTT C GA TCC GGGA ATA ATT AC T GGT AT CAA GTA AT CA CCTTT CACT CCCTA TGA TAC A CT TCCTGGAAT TAGCT TC GA GGACC TCTTA CA TC AA GT GCCC GCGAC CCC

GC GCCAA CAC GGT GCCC C G

0.05 0.20 0.50 2.00 5.00

2e−04

5e−04

1e−03

2e−03

5e−03

1e−02

2e−02

5e−02

1e−01

mutability [log] ; PGP1−3

m
ut

ab
ili

ty
 [l

og
] ;

 4
20

IV

Pearson: 0.91
Spearman: 0.91

G
C

CC

G C CC
C CGC TG GCC AGCC CC GG GC CC CCG GGG TGC CCG G GC CTA GC TC CAAAGC G TT CC T AC CCC ACC CCCT T G AAG CC A CG TTTCCGCCC GC G ATC CCGGAG AG AC CT T TC AC GATA TG CG CTGA T TCC CT GT T T GTAG GAAC CCC G TACT TA AAGT T GAAATATTC ATA TA TATT GATA GC TTCTT GTT GTAC AA A AGT TTC TTA AT CA G AAC CG TCAC T TGCTT AAG CG TC CTT TGATA T CC CA AGT GTA TG TCTT GCTCACAA AT GGAT A TT AATCT GCTTCT AC TGTAC C CGT CTT AGAA ATC G CCA TTTAG AA CA CG AT TG ACA TC C CTTAT TT ATA GGGTC CAAT GA TT C TCA TT ACGT CA TTTTGCA TGC GGCCCCATCAGC AAA A CT AGTC GTA GCA GTCGC GCGCCCT TACCA CCGCC GCGA GCC G

C G

0.05 0.20 0.50 2.00 5.00

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; PGP1−3

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

5

Pearson: 0.89
Spearman: 0.88

CGCGGCCGCTCCGGGGGCTGCTCCCGCCATTGCGACC GGCC GCCGA GCGCTCGCCCGC AA GACCGCCCTCGTCC CCGAGCTGGCCCCACGCCCG CG CTCCATCACCCAACCACGGT TCGGTTTCACCTGGTAGTGCATTCTGACCTC CGCAAC ACGACTGTATGGCTAC TTTCTATTTTCCAACAAT TATTAA GAGTCTGGAATTGTTTACCCTT GCGC GATCTGACTATT TTCAAAA AACTCG TAG ACCGCA ATGA TCCATT TGTATA TT CGA T AC CGCTATT AG TAA CCT TTTTAATCATAAGCGAG CCTTTGTCTT TGAAAAT GATCAAACTAC CTTTAA ATTATGCT ATAT AAT TCCTACA TA CCT GC GTAG TTA ACT TTA ATA CGGCAACCGT CG CT TCGG GCGG TC AT GTC GTTACA GTAA A GCCCCGA CTACC TCT CTA C ACC GGA GACG
AG CA CC AGC

CC C GC CGGC GG

CT

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−4

m
ut

ab
ili

ty
 ; 

39
31

LN

GGTCGCGCGGGGGGCG CGCCGCC CGCCCGCCCCCGCCGCACGCGCCTTCCGCACCCCCA CG CTCGCGACCTCCCCCGGCC TCGGC ACGCCGCGCTGACGCCTAATGGTGGTTCGTGCGCC GATCTCTGGCCTTCCTGCCGTACATCTCGTGGCTCTCA ACCGTTCTTTATCGTGATCC CATTCAAGACA CGATT CTGAT AC GCAC GTGTATATCCCGAAAGA CGTTTCT TTCCAAGT GACGTAATTAA CAATTCA AAT CCCCCGAAAA TTATT GGTTTCTGACCTTT TTT A CTAT CTAGACTTGAATTTAT TTTA AT CTAAAAA TTAAA CA CC CCGTT TTG ACTAT CT GAA GCT CT GGAA AA CAAGT TAG GCCT CA T CATTT AA T CGGT GCTAT C GT CAT A GCCCTAATATAAGATA TTAAT CCGA TA GA TT T GC GCCT CA TAA GA CG CA ATCA GA CGAT T C CTA CG
G G

CCA CCG
T

GG

G

0 2 4 6 8

0.00

0.01

0.02

0.03

0.04

0.05

0.06

mutability ; PGP1−4

m
ut

ab
ili

ty
 ; 

40
14

LN

CGC CCGCCGCGCGCCGCGCGCCCGCGGCCCGCCGGGCGCCCGGCTCCGCGCCCTCCGCGGGCGGAGTCCCGCGCGCACCCCCCGTCCCGATCGCTGCACGTGCGCGGCAGACGGCCTATCCCT TCGGTA GCGGTCTCCTTGCGTAGTCTTGGTATTATACAT CGGTTCTTGCAGTCCTCCCATTTTGCACTAA TAAACTTTATTTGAT CACATCAGATAATACTA GA CA TAATCTTAT TTGATT TGTAAAGCTCTCT AT GAA CC AG CCACTACGTAATCTTT TGGGT TCACTTC CGCA CA TCT TA TAA CGTTATAAC TCGGA CAGAATGAT CCTT ATATACC CGAT CTTCA CTT G CT CCAA TA T GATTA CTAA GCAT GA CGT T GATACT AA GCT G TTAAA TT CAAA CCGCAA GA GT CA T ATAT GA A CT CGTATT TA GC GCAA AT GA GC CAT CCA GA GC CAG TTT T CGA
CA TG CCC G

T A C
CA G GC G

C
G

0 2 4 6 8

0.00

0.01

0.02

0.03

0.04

0.05

mutability ; PGP1−4

m
ut

ab
ili

ty
 ; 

41
06

LN

GCGGCGCGCCCGCGGCGCCCCGCGCGCGCCCCGCCGCGGCCCCGCCCCCCACGGCGGG GC TCCTCCCGCGTGAACCCGGGCGCCGTCCTGCGCCGCGCAT ATCGCTCTCCCCCGGGGAG TCGTACCGACCTTCGCGCTATAGCGTT AGATATACCAAGTCTATTA CCTGCACC ACCTT GATGAGCT ATTTCT TATCA CGA CTTACTGTACAT CTAAA CTCATTATCT TC CAATGTTAA TA GTAT CTATGCTT CGTCT GT TGATACCTGATTAGTGTCACT TAC GCGCGAAT CGA CCAACAAAT CA AATGGTA CGTA CTT TTATG TTTATTGCTA GAA T CC TAT CA TA AA CA CA CCTT GA GAA AT CATT GA TTA GT CCAA CCTCG TT G GGGTT AT AT CA TAA GTCAGAT GTA CTA GTTAT A GCA TTTTCAAT CA CTTAA CC G GA CCCGAA CGA TCT CCT A C AT CTGG GG GCA CGC
CA

A C GA G

GT

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−4

m
ut

ab
ili

ty
 ; 

39
28

LN

CCGGGGGCCCCGGCCCTGCCACGCCCCCCGGGCTACCGGCTGGCCCGCCCCGCA TCCGGCCGCGCCCGTCCCTCCTGGCGG ACTTCACTAGAGGCCTCGGTGCGTTAT AC TGCTTCC ATCGGT CGGCCGCACAAAGGA TCGACTCCGCTGA CCA TAAGT CCTTGTATGATTAAACATTGCATCTTACTAA AACATCCTGACAAACTGTGTCTATTAT TTAT CTAGGCCGGAGTT CTATCCCACT TTTT AGTAACAGATTTGCGT GTAAA AGA TTA GAACTGTGTAT TTGT ATAATAACTTCCTACA TTGG TATCCCCTA TGGCTGGAC AGAACTC CTT TAA ACTT TTTTA T TTTCC CGTTA CAC TTTAG ATTA GGAT ATAATAC AACCGGCA CAC AGAG TA CGAAATGA CCTC GC CCCA CCG CCATGA TT ATA GA CT TCAACGCGGCT TT GGCA TGACC
CG CC CC ACG AG G CCT C

G GC GC C
C

G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−4

m
ut

ab
ili

ty
 ; 

P
G

P
1−

1

CCCGCGCCGCCGCGGGGCACCCCGGCCCCGCCGCGCCGCGGCGCAGCCCTCGGTGC CCCCGTCTTGGCCCAAACCCCACGCTCTCCTT ACTGCGCATGAGGGCTGCCCCCCAATCTGCGTGGTAAT TTGTTTGTGTACGCTCTACC AACGCACGTGC TAGTAAAT AGTTTCGTTAAACTCTGATCCTTTACAAATGTGCACGATTTA ATGCATCACTGGAC TAAA AGAACACTAG TTGCAG TGCAAT CATT GTG TT TT ATAGCCACTTC AT TA TCTACTATGCA AATTTTT AG TCTCT TGATCTGGACTCA GA GCT CCGACTAGCTA ACTT ATA TC GTATCTCTG ATTCTAG TTG AA ATTTATGACTA CACTATTA AA TACG AGAAA A CTGA CGCCAGGGT TACGACC C GTT GC CT T GA CT TCGACA GTCT CA CT G GA CACA CTCCTCT GGGCG TCCG
GCC

AA CA CC CGGT
A CCCC

G GGC
G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; PGP1−4

m
ut

ab
ili

ty
 ; 

P
G

P
1−

2

CGGCCGCGTCCCGGCCGGTCCCGCGCCCCCTCTGCGGCCGACCCCTTTCCACCCTGGGCCCGCCGAGG ACTCACTCTCGTCCAAGAGGGGTCAAGACGTTC CTTGCGGGCGTCGTCCGGGCTCACAGCT AAGCGCCATCCCGTCTGCCTTGTGT AACACAATTAGTAATA ATCG TC TACAAATTGCGTATCACACTCTTAT CGTCTAC TATAAATTGTCCGTCGTTTATA TCTCAATA TATT CAAAC TAGCGGAT TTCGAATT AA TGTCTATGTTTGTAATACTTC TATATGTAC AAACAG ACCCATAATTTGACTGC AAAACGCTGA ACAGC CGT TCT TCTGCGTCTTCTT AA CCTTGATTTTATATTG CAGAACTGAC TCA GTCAAAATTC CGCTA ACCGCGTATCCTAGGGCGA TAT GTCTTGT CCCAATACA TTCACA GCGCGT A CCC TCGGACGCG
CCG

CG
AACGC T C CCGC

CG CGG
C

G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; PGP1−4

m
ut

ab
ili

ty
 ; 

P
G

P
1−

3

CGGCCCCCCCGCCGCCCCCGGCGCCCCGCGGCCACTCGGCCCGCGACGTCCCCGGTCGCGCTAGACGTCGACCGCCTTTGTGCTCAGTATTCCCTGGAGTGCCTAACCCGTG
TCCGGTCTAGCGCTTAGATCCGTATGCAGGTGGTTGGTCTATTCACGGATGCCACTAGTTCCAGGTCACACATCATACATCAATTAGATCCACAAACCTTGAGTCTGAT

TGACACTCTTAGCAAACTAAAACATAGCTTTTATTTTGGATAATCTCAAGGCTAACATAAGTCTCTGTTAA
AACAATTTCACTCACTTTCGCTTGAGCTCGACGTGAATAACGTTGATTTGGT

GCCTTTTAATTCGAATTTTATTCATTCCTTCATCTTATTA
GTTACCAATAATAACAAGTATCACAG

CGGGCAGCCGTAATACC
CTATCGCTCTTCTCAA

CCCGATAGC
CCGGGG
CAGCCATCGG
GCGC
GACTC
ACGC
GC
CGC
CG
CG
C
G

G

0 100 200 300 400 500

0

2

4

6

8

index

m
ut

ab
ili

ty

WRC/GYW
WA/TW
SYC/GRS
Neutral

PGP1−4

C

GCCC G C
C GC CGC GTCC GAC GCCG GCG C CC CG ACC CGC CC T GGTC GCGCG GCG CGC G CC CCC AGC GTA TCCTC C C TGC A AGG TGGG TC GT GCG GCG CCC A GT CACGC TAC ACA AGG GACCCT C GGAC GTGTT GTCT CT GTA TCGAC GT GACA TGG TA T TCCT TAT ACGCT GCCAA GT G GTG TCCTT ATT AAG G CACCT T GAG TAA AG T TTC TAT T AC ACT AT CCT GACC AAATAA C TAA CT T ATT CGTGT T CT CT AT C TC AT AG T A CC CCA TA C ATAA GG T TC TA TTTGAT A CA GA AG C TGT ATAA CG CT ATTCA T CCTA AAT CT TT TA GGCC TTA AT CA AC ATTTGA AA GCAC CT TA A TTTA GT AA TAGT GAA GT CG CC GCAA AA TAT TGCATC CGA C ACTTG CGCA GC GA C GGTTA CA GAAT GCTTC A CGCT CT A TAT AAA GCAGCT CCGT C CGC GCC CC G

T

0.02 0.05 0.20 0.50 2.00 5.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; PGP1−4

m
ut

ab
ili

ty
 [l

og
] ;

 h
u4

20
14

3

Pearson: 0.74
Spearman: 0.84

G

CC C
CGC CCCGC CC CG GC CC CC CAGTGGTG CCC G CGC CCG G GC C TGCC TG GCC G TC CACCGC GTGC GTCC C GT CA T CTG CTCGGGGCT ATC AGGCC CC TC GTCGC GGGCTCTGCAGTA CG GAC CA GC TC CTTG G AA GGC AC TGCCC GGATTA AT TTC ACCA TACGA GT TA CT GCCAG GGATA AC TGTC TA ATACC AT TAA ACTG GATCGCT CTT ATA AT CT AT TC TGTC TTGTT A AAAC GA TTCAATCAATT CT AA GCT ACA AATAAG TT TGAGAAT CGAA TCA ATCA CGC CTATA TTG GCGA TAA TC TGTCCT AG A ATCA TA CTT TATC ATG GGCTA TCAATTT TTCATTT CG TTTC GATCC GGGAAT A ATT ACT GGT AT CAA GTA AT CA CCTTT CA CT CCCT ATGATAC A CTTCCT GGAAT TAGCT TC GA GGACC TCTTA CA TCAA GT GCCC GCGAC CCCGC GCCAAC AC GGT GCCC C G

0.02 0.05 0.20 0.50 2.00 5.00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; PGP1−4

m
ut

ab
ili

ty
 [l

og
] ;

 4
20

IV

Pearson: 0.9
Spearman: 0.91

G
C

CC
G

GCC
C C CGC TG G CC AGCC CC GG GC CCC C GGGG TGC CCGG GC CTA GC TC CAAAGCG TT CC T AC CCC ACCCCCT T GAAGCC A CGTTTC CGC CC GC G ATC CCGGAG AG AC CT TC AC GGATA TG CGCTGA T TC CCT GT TT GTAG GAA C CCA C G TACT TAA A GTT G AA AT AT TC ATATATATT GA TA GC T TC TT GTT GTA C AAA AGT TTCTT AA TCAG A AC CG TCACT TGCT T AAG CG TC CTT T GATAT CC CAAGTGTATG TCTTGCTCACAA AGG AT A TT AATCT G CTTCT ACTGTAC CC GT CT TAG AAATC G CCA TTT AGAA CA CG AT TG ACA TC C CTTAT TTATA GGGTC CAAT GA TT C TCA TT ACGT CATTTTG CA TGC GGCCCCATCAGC AAA AA CT AGTC GTA GCA GTCGC GCGCCCT TA CCA CCGCC GCGA GCC G

C G

0.05 0.20 0.50 2.00 5.00

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; PGP1−4

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

5

Pearson: 0.89
Spearman: 0.87

CCGGCCGCTCGGG GGC TGCTCGC ATTGCGACC GGCCGCCGAGGCTCGCCCCGC AA GACG CCCTCG TCCCGAGCTGGCCCCACGCCCGGCG CTCCATCACCAACACGGT TCGGTT TCACTGGAGTGCATTCTGACCTCCGCAAC ACGACTGTATGGCTAC TTTCTATT TTCCAACA AT TATTAAGAGTCTGGAATGTTTACC CCTTG CGCGATCTGACTAT TTCAAAA AACT CGTAGACCGCAATATT TCCTT TGT AT ATTCAT ACCGC TATTAGT AAC CTTTT TA ACA ATAAGCGAGCC TTTG TC T TGAAA ATGA TC AAAC T AC CT TTAA AT T AG CTT ATA TA AATTC CTACAA TAC CT GCGT AG TG TAA CT T TAAT A CC GGCAACCGTCGC TT GG G CGG TAT GTCG T TACGT AA AG CC CCGAC T ACC T CTCTA CAC CGG AGAC GAG CAC CAG CCC CGC CG GC
GG

CT

G G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

mutability ; hu420143

m
ut

ab
ili

ty
 ; 

39
31

LN

GTCGGG GGGCGCG CGCGCCGCCCGCCCCCCGCGCAGCGCCATTCCGCACTCCCCACGTCGCACCTCCCCCGG CCTCGGCACGCCGCGCTGACGCCTA ATGGGGTTCGTGGCC GATCTCTGGCCCCTGCCGTACATCTCG TG GCTCTCAACCGTTCTTA TCTGACATTCAAGACACGATTCTGAT ACGCA CGTGATATCC CGGAAGACGTTTCTTATCC AAGTG CACG TAATTA ACAATTCA AATCCCCCGATAAATATTGG TTTTC TGA C CT TT TT TACTATCT AG ACT TGAATTT AATTTAATCTAAAA AT TAAA CACC CC CGGTT TTGA CT ATCTG AA GT CT CT GGAAAA CAAG TTGGC CTC ATC ATTT AAT CG GTGCTA TCGT CAT AGCCC TA ATA TA AGAG TATT AAAT CCGAT AG AT TT GCG CTCA TAAGA ACG CAA T CA GACG A TT CCTA CGGG C CACC GT
GG

G

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

0.12

mutability ; hu420143

m
ut

ab
ili

ty
 ; 

40
14

LN

CG TCC GCGGGCCGCGGCCC GCG CGCCCCCCGGCGCCC GGCCCCGCGCCCCCGCGGGCGGAGTC CCC GCGCACCCCCTCCCGATCGCTGACGGCGGGCAGACGGC CGTATCCCTCGGTAGCGGTCTCCTTGCGTAGTCTTGGTATTATACATCGGTTCTTGCAGTCC TCCCAATTTTGCACT AA TAAA CTTTATTTG AGTCA CATCAGATAATACTAGACATA ATCTTTAT TTGATT TG TAAAGCCTCT ATAGA ACAGCCACA TA CGT AT CTT TTGGG T TC ACTTC CGCACAT CCT TAT A AACGTTATAA CT CGG ACA GAATGAT CT C TATATAC GCC GAT CTTC A CTTG CTCCA ATATGATT ACTA AGCA TGA CGTTG ATATCTAAGC T GT TA A AT TC AAA C CG CAAGA G CA AG TA TATGAA CTC GT ATTTAGCG CAA ATGA GCC AT C CAG AG CCAA GTTT TCGC AT GC CCGTA CCAGGC GC G

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; hu420143

m
ut

ab
ili

ty
 ; 

41
06

LN

GCGGCGCGCCCGGC GCCCGCGCCGCCCCGCCGCGCCC GCCCCCCACGGCGGGGCCT CCCGCGTAACCCGGGGCCGTCCGCGCCGCGCA ATGCGCTCTCCCCGGGGAG CGT ACCGACCTTGCGTCTATAGCGTTAGATAT CACCAAGCTATTACTGC ACC ACC TTGATGAGCT ATTTCT TATCA CGACTTACGTACATCTAAACTCTTATCT TCCAATGTTAA TAGT ATT CTATG CTT CG TCTATGTT GAT ACC TGATTAT GTCA CT TACGCGCGAA TCGA CC AA CAAAT CAAAT GG TA CG TA CTT TTAT GTTT A TTG CTAGA AT CCT AT CA TAA A CACA CCTT G AGAAAT CA TT GATA G TC CATACCTCGTTG GGG TTATAT ATAA GTCAG GAT GT C TAG TT ATAG CAT T AT TCAAT CACT TAA CCGG A CCCGA AC G ATC TC C TAC A T CTG GG G GCA CG CCA
ACGA G

GT

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

0.12

mutability ; hu420143

m
ut

ab
ili

ty
 ; 

39
28

LN

CCGGGGGCCCGCC TGCC AGCGCCCCCGGGCTACCGGCGGCCTGCCCCGCACCGCCGCG CCCGTCCCTCCTGGCGGCTTCACTAAGCCTCGGTGCGTTATAC TGCTTCCATCGGTGGCCGCACAAAGGATCGATCGCTGACCATAAGTCTTGATGAT TAAACATTGCATCT TACTAA AACACCTG AAAACTTGTCTATTATT ATCTAGGCCCGGAGTCT ATCCC AC T TTT AG TAA CAG ATTTGCGTG TA AA AGATT AGA ACTG TG TA TTGT AT ATAAC TTCCTAC A TTGG TATCCCC TATGG CTG GAC AGA ACTC CTTTTAAACT TTTT TAT TT TCCC GTTA CAC TTT AGAT T AG G ATATAAT AC AACCG GC ACAC GA G TA CG AAA TGACC T CGCCAC CA CCGCCATGA T T ATAG A CT TC A ACGCGGCTT TG GC ATG AC
C GC CCC A CG AGG C CTC
G GC GC C

C

G

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

mutability ; hu420143

m
ut

ab
ili

ty
 ; 

P
G

P
1−

1

CCGGCCGCCGGGGCACCCCGGCCCGC GCCGCCCGCGCGCAGCCCTCG GTGCCCCGTCTTGGC CC AAACCCACGCCTCCTTCTGCGC AGAGGGCTGCCC CCCAATTGCGTGTAATTGTTTGTGTACGCTC TACCACGCACGTGC TAGTAAA TAG TTTCG ATTAAAC TCTGATCCTTT AC AAATGTG CACG ATTA ATGCATCACTGGATAAAAGAAC ACTAGTTGCAG TGC AA TCATTG TG TT T AT AG CCACTTC ATT ATCAC TATGCA AAT TTT ATCTCTTGA TCTG G ACT CAGA GC TCCG ACT AGC TAA C TTATATCG TAT C TCTGAT TCTAGTTG AAATTTA TG ACT A CAC TATTTA ATAC GAGA A AAC TGAC GCCA GGGT TACGA CCCG TTGCCTT G ACTT CG ACA AGT CT C AC TGG A CAA CG TC CTCT GG GCG TCCG GCC AACA CCCG GT
AC CC C

GGG C
G

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; hu420143

m
ut

ab
ili

ty
 ; 

P
G

P
1−

2

CGCCGCGTCCCGGCCGC GCGCCCC TCTGGCCG ACCCCTTCCAGCCCGGGCCGCCGAGG CTCACTCTCTCCAAGAGGGGTCA AGACGTT TT GCGGG CGTCGCCG AGGCTCACAGCTAAGCGCCATCCCGCTGCTTGTGTAACATCAATT AGTAATAATCG TCTACAAATTGCGT ATCACACTCTTATCGTCTAC TAT AAAT TG TCCGTCGTTTTA TA TCTC AATA TA TTC AAACT AGCGGAT TTCGATT AAT GTCT A TT TGTAAT ACTT C TATA TGACA AAAG ACC CATAATT TG ACTGC AA AACGCTG AACAGC C GTT TT CTGCGT C TTCT TAA CCTTG ATTTTA TA TT GC AG AACGAC CAG TCA AA A TTCCGCTACC GCG TAT CCTA GGGCG ATA TGT CTTGTC CC AA TACA TTC ACAGC G CGT AC C TC GG ACGC GC CG CG
AA CG CT CCCG C

C G CGG
C

G

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; hu420143

m
ut

ab
ili

ty
 ; 

P
G

P
1−

3

CGGCCCCCCGCCGCCCCGGCCCCGCGCCACTCGGCCGCGACG TCCC CGGTCGGAGACGTCGACG CCTTTGCCAGTATTCCCTGG AGTGCCTAACCCGTGTCGTCTAGCGCTTAGATCCGTATGCA GGTG TTGG TCT ATTCACGGATGCCACTAGTTCCAG GCAC ACATCA ACATC AATTAGATCC ACAA AC CTTGAGTCTGA TTG ACA TC TTAGCAAACTA AAACAT AGCTT TA TTTGGT AATCTC AAGGCTA ACAT A AGT CT CTGT TAAAA CAA TTT ACTC AC TT TCG C TTG AGC TCG ACG TGA AT ACGT TG ATT TG GTG CCTT TAA TTCG AA TT TTA TT CATTCCT TC AT TT A TT AG TT ACCA ATAAA ACA A GTA TCACAG CG GGC AGCCGT AA TA CCC TATC GCTC TTC TC A CCG AT AGC C CG GGG CAGCC AT CG G GCGCG A CTC A CG CG CC G CC G CG
C

G

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; hu420143

m
ut

ab
ili

ty
 ; 

P
G

P
1−

4

CGCCGCGCCGCCGCTGTCCGACGCCGGCGCCCCGACCCGCCCCTGGTCGCGCGGCGCGCGCCCCCAGCGTATCCTCCCTGCAAGGTGGCGTCGTGCGGCGCCCAGTCACGCTACACAAGGGACCCTCGGACG
TGGTTTGTCCTCTGATATCGACGTGACATGGTATTCCTTATACGCTGCCAAGTTGGTTGTTCCTTATTAAGGCACCTTGAGTGAAAGTTTCTATTACACTATCCTGAACCAAATAACTAA

CTTATTCGTGGTTCTCTAATCTCATAGTACCCCATACATAAGGTTCTATTTGATACAGGAA
GCTGTATAACGCCTATTTCATCCTAAATCTTTTAAGGCCTTAAT

CAACATTTGAAAGCACCTTAATTTAGTAATAGTAGA
AGTCGCCGCAAAATATTGCATCCGACACTTGC

AGCAGCGACG
GTTAACAGAATGCT
GTCAACCGCTCT
AATATAAA
GC
AGCTC
CGTCC
GC
GC
C
CC
G
G

T

0 100 200 300 400 500

0

2

4

6

8

10

index

m
ut

ab
ili

ty

WRC/GYW
WA/TW
SYC/GRS
Neutral

hu420143

G

CC
CGC C GCCC G GC CCC C C AG GG TG CTCCGC GCCCGG GCC GC C TG GC GCCG CA C CGCG TGCG TCCC G TT CA TCTG C TCG GG GC TAT AGC C C CTC GTCGC GGGCT C TGC AGTACGG ACCAGCTCC TTGA AGG CACTG CCG GATTAA TT TTC A AC CATACG A GTA CTGCCAG GGATA ACTGT C TAG AAC ATT AA AC TGGA TA GC T TCTTA TA ATCTAT TC TG TC TT G TAAA ACGATTC AATC A ATTCT A AG CTACA ATAAGT TT GAGGA ATCG AA TCAA TC AC GC CT ATAT TGGCG A T ACATC TGTCC TA AAT CA TTAC TT TATCA T GGGCTAA TC AA TTT T CAT TT CGTTTCGAT CC GGGAT AATT ACT GG AT A TCAAG TAAT CAC CTT TCA CTC CCTATGAT AC A CTT CCTGGA AT TAG CTTC GAGG AA CCTCT TAC ATC A AGT GC CCGC GAC C CCGCGCCAA CAG GT GCCCC G

G

5e−03 5e−02 5e−01 5e+00

5e−05

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; hu420143

m
ut

ab
ili

ty
 [l

og
] ;

 4
20

IV

Pearson: 0.79
Spearman: 0.86

G
C

C
G

G CCC
C CGC TGGCC AGC C CCG GGC CC CC GGGG TGC CCGGC CT AG C TC CA AA GCGT CC T ACCCC ACC CCCTT GA AAG CC A CG TT TCCG CTCC GCG ATC CCGG AT GAGACT TC AC GGATATGCGCTGA T TCCCTGT TTGTA GG AAC CC A CG TAC TAA GTTG AG A ATATT C ATA TA TATTGATAGC T TCT TTG GTG TA C AAA AGTT TC TT A A TCAG AAC CTC AC TTG C ATT AAGCGTCC TTT GATATCCC AA GTG TA TG TC T TG GC TC AC AA AG GAA TAAT C TG CT TCT ACTGTAC CC GT CT TA GAAA ATCGCAT TT AG AAC A CG A TTG ACAT CTC CT TAT TAT AT AGG GT CCAA TGATT CTCA TT ACGT C ATTTTGCA TGCGG CCCCA TCAGC AAAAA C TAGTC GTAGC AGTCGCG CGCCCTT ACCA CCGC C GCGAG CCG

C G

5e−03 5e−02 5e−01 5e+00

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; hu420143

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

5

Pearson: 0.74
Spearman: 0.83

CCCGGCCGCTCCGGGGCTGTCCCGCCATTGCGACC GGCCGCCGA GCGCTCGCCCCGCAA GACCGCCCTCGTCCCGAGCTGGCCCCACGCCCGGCG CTCCACTCACCCAACCACGGT TCGGTTTCACCTGGTAGTGCATTCTGACCTCCGCAAC ACGAC TGTATGGCTAC TTCTATTTTCCAA CAATTATTAAGAGTCTGGAATTTTTACCCTTGCGCATCTGACTATTTTCAAAAA AACTCG TAG ACCGCA ATGATT TCCATTTGTAT ATTCG AT T AC CGCTATTAGTAACCTTTT TAATCAATAAGCGAGCCTTTGTCTTGAAAATGA TCAAACTACCTTTAAA TTTATG CTT ATATA AA TTC CTACATA CCTGCGTA G TG TAACT TTA ATAC CGGCAACCGTC G CT T CGG GCGGT AT GTCG TTACAG TA AAGCCCCGACT ACC T CT CTA CACCGGAG ACGAG C ACC AGC CC CGC CGGC
GG

CT

G G

0 2 4 6 8 10 12

0.00

0.02

0.04

0.06

0.08

mutability ; 420IV

m
ut

ab
ili

ty
 ; 

39
31

LN

GGTCCCGCGGGGGCG CGCCGCCCGCCCGCCCCCCGCCGCACGCGCC ATTCGCCACTCCCCACGTCGCGACCTCCCCCGGCCTCGGC ACGCCAGCGCTGACGCCTATGGTGGTTCGTGCGCC GATCTCTGGCCT TCCTGCCGTACATCTCGTG GCTCTCAAC CGTTCTTTATCGTGATCCCATTCAAGACACGATTCTGATACGCACG TGTATATCCCGGAAAGA TCGT TTCTTTTCCAAGTTGACG TAATTAA CAATTCAAATCCCCCG ATAAA TTATTG GTTTTCTGACCTT T TT TA CTAT CTAGACT TGAATTTATT TAATCT AAAAA TTAAA CACC CCCGT TTTGACTAT CTAAGTCTCTGGAA AA CAAG TT AG GCCTCA TCATTTAA TCGGTGCTATC GT CATA GCC CTAAT ATAAGAG TATT AAAT CCGAT AG ATT TG CG C CT CA TAAGA CGCAATCAGA CG ATTC CT A CGG GC CA CCGT
GG

G

G

0 2 4 6 8 10 12

0.00

0.02

0.04

0.06

0.08

0.10

0.12

mutability ; 420IV

m
ut

ab
ili

ty
 ; 

40
14

LN

CGTCCC GCCGCCGCGCCGCGCCCCCGGCCCCCGGGCGCCGCTCCCGCGCCC TCCGCGGGCGGAGTCCCGCGCGCACCCCCCGTCCCGATCGCTGACGTGCGCGGC AGACGGCCGTATCCCTCGGTACGGTCTCCTTGCGTAGTCTTGGTATTATACATCAGGTTCTTGCAGTCCTCCCATTTTTGCACTATAAACTTTATTTGAGTCAC ATCAGATAATACTAGA CATAATCTTTAT TTGATTTG TAAAG CTCTCATGAA CCAGCCA CATACGTAATCTT TTGGGT TCACTTCCGCACATCCTTATAACGTTATAAC TCGGACAGAATGA TCT CTTATATACCCGAT CTTCA CTTG CT CCAA TA TGA TTA CTAA GC ATGACGTTGA TAT C TAAG CTGTT AA ATTCAA ACCG CAAGA GT CA AG T AT ATGAA CT CGTATTTAG CG CAA ATG AG CCAT CCA G AGC CAGTTT T C GCATG CCC GT A CCAG GC GCG

G

0 2 4 6 8 10 12

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; 420IV

m
ut

ab
ili

ty
 ; 

41
06

LN

GCGCGCGCGCCGCCGGCCCCCGCGCGCGCCCCGCCGCGCCCCCGCCCCCCACGCGGGGCTCCTCCCGCGTGAACCCCGGGCGCCGTCCTGCGCCCGCGCATATGCGCTCTCCCCCGGGGAGCGTCCGACCTTCGCGTCATATAGCGTTAGATAT CACCAAGT CTATTACTGCACC ACCTTTGT ATGAGCTATTTCTTATCA CGACTTACTGT ACATCTAAACTCAT TATCT TCCAA TGT TAATAGTATTCTATG CTTCGTCTATGTTGATACCTGATTA GTGTCACT TACCGCGAA TCGA TCC AACAAA TCAAATGGTACGTA CTTTTATGTTTATTGCTAGAA TCCTAT CA TAAA CA CACCT TGA GAAA TCATTGA TTA GTC CATA CCT CGTTG GGGTTATA T CA TAAGT CAG GAT TGTACTA GTTATAG CATT ATT CAAT CA CTTAA CCGGA C CCGA AC GATCT CCTACAT CTGG GGGCA CG CCA
ACGA G

GT

G

0 2 4 6 8 10 12

0.00

0.02

0.04

0.06

0.08

0.10

0.12

mutability ; 420IV

m
ut

ab
ili

ty
 ; 

39
28

LN

CCCGGGGGCCCCGGCCC TCGCGCCCCCCGGGCTACCGGCTGGCCC TGCCCCGCA TCCGGCCGCGCCCG TCCCTCCTGCG ACTTCACTAAGGCCCTCGGTGCGTTATAC TGCTTCC ATCGGTGGCCGCACAA AGGATCGAACTCCGCTGACCATAAGTCTTGTATGATTAAACATTGCATCTTACT AA AACATCCTGACAA ACT GTG TCTATTATTT AT CTAGGT CCGGAGTTCTATCC CACTTTTAG TAA CAGATTTGCGTGTAAA AGA TTAGAA CT GTG TA TTTGT ATA AT AACTTCC TACA T TGGTATCC CC TA TG GC TGGAC AGAACTC CT TT T AAACT TTTT TA TTT TCCCGT TA C AC TTTAG ATTA GA TATAATA C AACCGGCACACG AGT A CGAAATGA CC TC GCCCCA CCGCCATGA TT ATAG ACT TCAACGCG G CT T TG GC ATG AC C
CG CC CCA CG AG G CCTC

G GC GC C
C

G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

mutability ; 420IV

m
ut

ab
ili

ty
 ; 

P
G

P
1−

1

CCCCGCGCCGCCGCGGGGCACCCCGGCCCGCGCGCCCGCGGCGCAGCCCTCGTGCCCCTCTTGGCCCAA ACCACCACGCTCTCCTT ACTGCGC ATGAGGGCTGCCCC CCAA TCTGCGTGGTAATTTGTTTTTGTACGCTC TATCC AACGCACGTGCTAG TAAA TAGTTTCG TTAAAC TCTGATCC TTTACAATGTGC ACG ATTTAATGCATCAC TGGACTAAAAGAACACTAG TTGCAG TG CAATCATTGG TT T AT AG CCACTTC ATTA TCTAC T ATGCAA ATT TTT AGT C TCT TGATCTG GAC TCA GAGCT CCGACTAGC TAA CTTATA TCG TAT CT CTG AT TCTAG TTG AA ATT TATG ACT A CACT ATTTAA TACGAG AAAACTGACGCCAGGG T TACGACCC TTGC CT T GA CT TCG ACA AG TCT CACTGG ACA CA CG TC CT CTG GGCGTC CGGCC AACA CC CG GT
AC CCC

G GG C
G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; 420IV

m
ut

ab
ili

ty
 ; 

P
G

P
1−

2

CGCCGCCGTCCCGGCCGGTCCCCGCCCCC TCTGCGGCCGCCCTT TCCAGCCCTGGGCCCGCCGAGG ACTC ACTCTCGTCCAAGAGGGGTCAAGACGT TCTTGCGGGCGTCTCCGGGCTCAC AGCTAAGCGCCATCCCGTCTGCCTTGTGTAATC ATC AATAGTAATAATC GTC TACAAATTGCGT ATCACACTCTTATCG TCTACTAT AA ATTGTCCGTCGTTTTA TA TC TC AATA TA TT CAAACTAG CGGAT TTCG AATT AA TGTCTATGTTTGTAATACTTCT ATATGT ACAA AAG ACCCAT AAT TTGA CT GC AAAA CGCTG AACAG CCGTTC TTCTGCGTCTTCTTAA CCTTG ATTT TATAT TGCAG AA CTG AC CA TC AA AATTC CGCTACCGC GTA TCCT AGGG CGA TATG TC TTGTCCC AATACA TTCAC AG CG CGT ACC CTCGG ACGCGC CG CG
AA C GCT CCCG C

C G CGG
C

G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; 420IV

m
ut

ab
ili

ty
 ; 

P
G

P
1−

3

CGGCCCCCCCGCCGCCCCGGCCCCCGCGGCCACTCGGCCCGCG ACG TCCCCG GTCGCGCTAGACGTCGACCGCCT TTGTGCTCAGTAT TCCCTGGGTGCCTAACCCGTGTCCGGTCTAGCCTTAATCCGTATGCAGTG GTTGG TCTA TTCACGGATGCCACTAGT TCCAG GTCACACATCAT ACAT CAATTAGATCCACAAACCTTGAGTCTGATTG AC ACTC TAGC AAACTAAAACAT AGCTT TTA TTT TGGATAATCTC AAGGCTAACATA AGTCTCTG TTA AAACAA TTTACTCA CTTT CGC TTG AGCTCGA CG TG A A TAACG TTGAT TTGG TG CC TT TT AATTCG AA TTT TA TTCATT C CTTC ATT TA TT AGT TA CCA AT AA AACAAG TA TCAC AGCG GGCA GC CGT A ATACCC TATCGCTC TT CT CAC CCG AT AG CC CGGGG C AGCC AT CGGCGCG A CTC AC G CG CC
G CC G CG

C
G

G

0 2 4 6 8

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; 420IV

m
ut

ab
ili

ty
 ; 

P
G

P
1−

4

CGCCGCGCCGCCGCTGTCCGACGCCGGCGCCCCGACCCGCCCCTGGTCGCGCGGCG CGCGCC CCCAGCGTATCCTCCCTGCAAGGTGGGTCGTGCGGCGCCAGTCACGCTACACAAGG GACCCTCGGACGTGGTTTGTCTCTGATATCGACGTGACATGTATTCCTTATACGCTGCCAAGTTGGTTG TT CCT TA TTAAGGCACCT TATGAAAGT TTCTATTACACTA TCCTGACC AAATAAC TAACTTATTCGTGTT CTCTAT CTC AT AT ACC CCA TACA TAAGG TTCT ATT TGAA CAGGA AGC TGTATAA CGC TATT TCA T CCTA AATCT TT TAAGGCC TTAATCAC ATTTGA AA GCA CCTTA A TTTA GT AATAGT GAA G T CG CCG CAA AATATTGCATC CGAC ACTTG CGCA GC GA CGGTTAA CAG AAT GCT T CAAC CGCT CT AA T ATA AA GC
AG CT CC GT C CGC G CC

CC
G

G

T

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

0.12

mutability ; 420IV

m
ut

ab
ili

ty
 ; 

hu
42

01
43

GCCCCCGCCCCCGCCCCGGCCCCCCAGTGGTGCTCCGCGCCCGGGCCTAGCCTGGCGCCGTCCACCGCCGGTGCGTCCCCGTTCATCTGCTCGGGTGCTATCAGGCCCCTCGTCGCGGGCTCTGCAGTACGGACCAGCTCCTTGGAAGG
CACTGCCCGGATTAATTTTCAACCATACGAGTTACTGCCAGGGATAACTGTCTAGATACCATTAAACTGGATACGCTTCTTATAATCTATTCTGTCTTGTTAAAACGATTTCAATCAATTCTAAGCTAC

AAATAAGTTTGAGGAATCGAATCAATCACGCCTATATTGGCGATACATCTGTCCTAGAATCATTACTTTATTCATG
GGCTAATCAATTTTTCATTTCGTTTTCGATCCGGGAATAATTACTGGATATCAA

GTAATCACCTTTCACTCCCTATGTATACACTTC
CTGGAATTAGCTTCGA

GGAACCTCTTACATCAAG
TGCCCGCGACC
CC
GCGCCAAC
ACGG
TG
C
CC
C

G

G

0 100 200 300 400 500

0

2

4

6

8

10

12

index

m
ut

ab
ili

ty

WRC/GYW
WA/TW
SYC/GRS
Neutral

420IV

G
C
CC

G
G CCC

C CGC TG GCC C AGC C CCG G GCCCC GGG TGC CCG GC CTAGC TC CA AA GCGT T CC T ACCCCACC CCCT T GAAAGCC ACG TTTCCGC TCC GC G ATC C CGG ATG AGACC TTC AC G AT A TGCGC TGA T TCCCTG TT TG TAG GAAC CC ACG TAC TT AAA GTTG AG AAT ATTC ATA TA TATT GATAGC T TCT TT G GTTGTA C AAA AGT TTC TTA ATC AGAAC CG TCAC TTGC ATTA AG CG TCCTTTGATATCCCAAG TGTA TG TCTTGGCTCACAA AT G GAT ATT AATCTG CTTCT ACTGT AC CC GT CT T AG AAAA TCG CCA TTT AG AACACG ATTG ACA TCT C CTTAT TATATAGGGTCCAAT GA TTC TCA TT ACGTCA TTT TG CATGCG GCCCCATC AGC AAA AA CT AGT CG TA GCAGTCGCGCGCCCTT ACCA CCGCC GCGAG
CCG

CG

5e−03 5e−02 5e−01 5e+00

1e−04

5e−04

1e−03

5e−03

1e−02

5e−02

1e−01

mutability [log] ; 420IV

m
ut

ab
ili

ty
 [l

og
] ;

 P
G

P
1−

5

Pearson: 0.88
Spearman: 0.85

GGGCCGCTCGGGGCCCC GC ATCTGCGACC GGCC GCCGA GCGCTCGCCCCGC AAACCGCCTCGTCCCGAGCTGGCCCACGCCCGCG CTCCATCACCAACACG GTCGGTTTCACTGGAGGCATTCTACCTCCGCAACCGACTGTATGGCTACTCTTTTTCC AAAATTATTAAGGTCTGGATT TTTACCCTTGCG CGATCTG ACTATTTCAAAA AACT CG TAGCCG CAA TATCCAT T TGTAT ATTCATT ACGCTATTAG TAA CCT TTT TAAT CA TAAGCGAGCCTTTGTC TTGAA AATATC AAACTAC CTT TAA ATTAG CTTATA T AAAT TC CTACA T ACCTGCGT AG TG TAACT T TAATACGG CAA CC GT CG CT TCGG GCGG TAT GTCGTT ACG TAA ACCCC GACTACC TTC TA CA CCGGA GCGAG CACC AGC CC C GC CGGC
GG

CT

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−5

m
ut

ab
ili

ty
 ; 

39
31

LN

GGGGGGGCG CGCCGCC CGCCCGCCCCCGCGCAGCGCCATCCGCACTCCCCACGTCGCACCTCCCCCGGCC TCGGCCGCCGCGTGACGCTATGTGGTTCGT GCGCCGATCTCTGGCCTCCTG CCGTACATCTCGT GCTCTCAACGTTC TTTATCTGA TCATTCAAGACACGATTCTTGATACGCAC TGTATATCC CGAA AGACGTTTCTT CCAAGTT GACGTAA TTA CAATCA AATCCCCCGAAATATTGGTTTCGACCTTTTT ACTAT CTA GACTTGAAT T TATTATCT AAAATTAA CA CCCCGT TTTG ACTAT CTG AA TCT CT GGAAA ACAAGT TG GCCT C ATCAT TTA AT CGGTGCT ATCGT CAT AGCC CTAA TATAA GAG TA TTAAAT C CGATAGATT T GCCC TCAT AA GA
CGCAA TC AGA CG AT T C CT CG

G G
CC A CC G

T
GG

G

0 2 4 6 8 10

0.00

0.01

0.02

0.03

0.04

0.05

0.06

mutability ; PGP1−5

m
ut

ab
ili

ty
 ; 

40
14

LN

CG TCC GGCGGCCCGCCCCGGCCCGCCGGCCCCGGC TCCCGCGCCCTCCGGGCGGAGTCCCCGCACCCCCGTCCCGATCGCTGACGGCGGGCAGACGGCCGTATCCCTCGGTAGCGGTCTCCTCGTAGTCTTGGTATTATACATCGGTTCTTGCAGTCCTCCCATT TTT GCAC TAAACTTTATTTGACACTCAGATAAACTAACATA ATCTATT TGATTTGTAAGCTCTCATGAACCAGCCAATA CGTAAT CTT TTGGGTCA CTTCCGCA CA TCT TA TAACGTTATAA C TCGGA CAGAATGT AT CCTTAT ACC CG AT CT TCA CTT G CTCCA TATA TT CTA A GCAT GACGT TGATATC AAG CTGT TAAATTCAAA CCG C AAGAG AAG TA TATGA A CT CGTA TT TA G CGC AAT AG CCAT CA GA GC CAGT TT T C G
CA TG CCC G

T A C
C AGG

C G
C

G

0 2 4 6 8 10

0.00

0.01

0.02

0.03

0.04

0.05

mutability ; PGP1−5

m
ut

ab
ili

ty
 ; 

41
06

LN

GCGCGGCCCGCGCCCCGCGGCCCCGCCGCGGCCCCCCCCCCACGCGGG GCCTCCCGCGTGAACCCGGGGCCGTCC TGCGCCGCGCATTCGCTCTCCCCGGGAGCGTCCGACCTT GCGTCTATAGCGTTAGATAACCAAGTCTATTCTGCACCCCT TT TATGAGCTATTTCT ATCA CA CTACTGTACAT CTAACTCATATC TCCAATGTTAA TAGTACTA TG CTT CGTCTA GTT GATACCTG ATTATGTCTA CTTA CG CGCGAA TCG ACCA ACAAA T CAAA TGGTA CGTA CT T TTA TGTTTAT TG CT AGA ATCC TAT ATA A ACACACCT T G AGAAAT CATT GTGT CCATA C CT CG TTG GGGTT ATATCA TAA GTCAG GAT GTCT AG TT AT AC ATTAT TCA AT CA CTTAA CCGA CC CGAAC GA TC TCCTA CAT CTGG GG GCA CG C C
ACG

A G

GT

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−5

m
ut

ab
ili

ty
 ; 

39
28

LN

CGGGGCCCCGCCTCCCGCCCCCGGGCTACCGGC TGCCGCCCCGCATCCGCCGCGCCCG TCCTCCGCGACTTCACTAGAGCCTCGGTGCGTTAT AC TGCTTCCATCGGTGGCCGCACAAAGGATCGATCGCTGACCATAAGTCTTATGATTAAACATTGCAT CTTACTA ACTCCGAAAACTTGTCTATATA TCTA GGTCCGG AGTTCTATCCCTTTAGTAACAGAT TTGCGT GTA AAAGA TTAGAA CTGTTAT TGTA TATACTTCCTAC ATT TGG TATCCCC TATGG CTGGAC AGA AC TCCT TT AAACTT TTT T ATTTTCCCGTT CACT TTAGAT TAG GAT ATAATA CA ACCGGCA CA CGA G TA CGAAAT GACC TC GCCCA CGCCATGA TTATAG ACT TCAA CGC GG CT T T GC ATGCC
CGCC C CA C AG G CCTC

G GC GC C
C

G

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−5

m
ut

ab
ili

ty
 ; 

P
G

P
1−

1

CCGCCGCCGCGGGCACCCCGGCCCCCCGCCGCGCGCAGCCTCGGGCCCCTCTGGCCCAAACCCCACGCTCTCCTTACTGCGAGAGGGCTGCCCCCC AATTGCGTGGTAATTTGTT TTGTACGCTCTA TCCACGCACGTCTAGTAAATAGTTTCGTTAAACTCTATCC TTTCAATGGCACG ATTTAATGCATCC TGGA TAA AGAAC ACTAG TTGCAGTGAATCATT GTT T AAGCCA CTT CATTA TCACT ATGCAA TT TTAT TC TCTTGATCTGGACT CA GAGCT CCGA CTAGCTA AC TTA TATCGTAT CTCTG ATT CT AGT TGAAA TTTAGACTAACTATT ATACGAGAAA AC TGA CGCCAGGGT TAC GAC CCG TT GCTT GACT TCGA CA AGTCT CA CTGA CACA CG TCC TCTG
GCGTCC GGCC AACA CC CG GT

C CC C
GGG C

G

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; PGP1−5

m
ut

ab
ili

ty
 ; 

P
G

P
1−

2

CGGCCGCTCCGGCCCCGCGCCCCCTCGGCCGCCCCTTCCACCC TGGCCCGCGAGGACTCCTCTCGTCCAAGAGGGGTCAGACGTTTTTCGGGCGTCTCCGGGCTCACAGCTAG CGCATCCCG TCTGCTTGTGTAA TCACAAT ATAATAATCGC TACAAATTGCG ATCACA CTCTTA TCGTCTCTATAAATTGTCCGTCGTTTA TATCTC AAT ATATTCAAACTA GCGGATTTCGATTAA TGTCT ATTTGAATACTT CTATATGT AC AAAG ACCCATATTGACTGCAA A ACGCTGAACAG CG TTTT CTGCGTCT TC TT AAC CT TG ATTTTAT ATTGCAGAA CGAC CAG TCA AAA TTC CGCTA C CGCGTAT CC TAG GG CGAT ATTCTTGCCCA ATACA TTCACA G CG CGT CC T CGG AC GCGCCGC
AA C GTC CCG C

C G CGG
C

G

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; PGP1−5

m
ut

ab
ili

ty
 ; 

P
G

P
1−

3

GCCCCCGCCGCCCCGGCGCCCCGCGCCACTCGCCGCGAC TCCCCG GTCGGTAGACGTCGACCGCC TTTGTC TCAGTATTCCTGGGGCCAACCCGTGTCGTCAGCCTTAGATCCGTATGCATGTTGG TCT ATTCACGGAT GCCACTAGTTCCAG GTCACCATCAACATAATTAGTC CA CAACCT TGAGTCTGATT GACATCTAGC AAACAAAACATAGCTTTTA TTT GGA T AATCTCAAGGCTA ACT AAGTCT CTG TTAAA CA ATTTACTCAC TTTCG CTTG AGCT CGACGTGAAACGT GATTTGGTCCTTTAATTCGAA TTTAT TCATTC CTTC ATTT ATT AGT TACCAA TAAA CAAGTA TCAC AGCGGGC AGCCGTAA T ACC CTATCGCTC TT CTCAC CCG AT AGCCG GG CAGC CTCG GGCGC
A CT AC GCG CC G CC G CG

C
G

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

mutability ; PGP1−5

m
ut

ab
ili

ty
 ; 

P
G

P
1−

4

CGCCGGCGCGCTGTCCGACGCCGCGCCCACCCGCCCCTGGTCGCCGGCGGCGCCCCCAGCGTATCCTCCCT GCAAGGTGGTCTGCGGCGCCCAGTCACGCT ACCAAGGACCCC GGACGTGTG TCT CTGATA TCGACGTGACATGTATTCCT TTACGCTGCCAA GTG GTTG TTCCTA TTAAGGCACCTTGA TGAAAGT TTC TATACACT ATCCTGACC AAATAA CTAACTT ATTCGTGTT CT CTAT C TC ATAGT CCCCATA CTAGTTCT ATTTGAA CAGGAA GC TGTA TA A CG C ATT TCAT CT AAATCTTTTAA GGCC TTAATCA C ATTTG A AGCACC TTAA TTTA GTAA TA GT GAA G CG CCCAA AA T ATTG CAT CCGAC ACTG CGC AGC GAC GGTTAA CA G AAT GCTTC AA CGCTC TATT AAA GC
AG CT CC GTC CGC

GCC
C

G

T

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

0.10

0.12

mutability ; PGP1−5

m
ut

ab
ili

ty
 ; 

hu
42

01
43

GCCGCCGCCCCGGCCCCCAG TTGCTCGCGCCCG GCCGCCGGCCCGTCACCGCGTGCGTCCC GTTCATCTGCTCGGG TGCATAGGCCCCTCTCGCGGCTCTGC AGTACGGACCAGCTC CTTGAAGCACTGCCCGGATTAATTTTCACCATACGA GTACTGC CAGGGATAACGTCTAG ATACAT T AAACT GGATAGCTCTTTAAT CTATTCGTCTTGTTAAACGA TC AATCAATTCTA AGCTA CA AATAGTTTGAGGAATCGA TCAATCACGC CTATAT TGCGATAATCTGTCCT AA T CA TTACTTT ATCATGGGCT AA TCAATTT TC ATTT CGT TTCGA T CC GGGATAA TTAC TGGAT AT CA TAAT CAC CTTT CA CTCCCT ATGAT AA CTT CCGGAAT T AGCTT CGA GGA ACC TCTTA CA T CAA GT GCC GCGA C CCC
GC GC CA AC GG

G

C
CC

C

G

0 2 4 6 8 10

0.00

0.02

0.04

0.06

0.08

mutability ; PGP1−5

m
ut

ab
ili

ty
 ; 

42
0I

V

GCCCGGCCCCCGCTGGCCCAGCCCCGGGCCCCCGGGGTGCCCGGGCCTAGCTCCAAAGCGTTCCTACCCCACCCCCTTGAAAGCCACGTTTCCGCTCCGCGATCCCGGATGAGACCTTTCACGGATATG
CGCTGATTCCCTGTTTGTCAGGAACCCACGTACTTAAAGTTGAGAATATTCATATATATTGATAGCTTCTTTGGTTGTACAAAAGTTTCTTAATCAGAACCGTCACTTGCATTAAGCGTCCTTT

GATATCCCAAGTGTATGTCTTGGCTCACAAATGGATATTAATCTGCTTCTACTGTACCCGTCT
TAGAAAATCGCCATTTAGAACACGATTGACATCTCCTTATTATAT

AGGGTCCAATGATTCTCATTACGTCATTTTGC
ATGCGGCCCCATCAGC

AAAAACTAGTC
GTAGCAGTCGC
GCGCCCTT
ACCAC
CGC
C
GCGA
G
CC
G

C

G

0 100 200 300 400

0

2

4

6

8

10

index

m
ut

ab
ili

ty

WRC/GYW
WA/TW
SYC/GRS
Neutral

PGP1−5

Figure S4: The S5F targeting model is consistent across individuals. Targeting models
were constructed independently for each of the samples listed in Table 1 (main text). Estimated
values for all 5-mer motifs are shown along the diagonal. Mutability values are ranked (from
lowest to highest) and color coded by their category (WRC/GYW are red, SYC/GRS are
blue, WA/TW are green and the rest are gray). Symbols indicate the mutated nucleotide
(in the center of the 5-mer). Correlations between the mutabilities for all 5-mer motifs across
individuals are shown in the upper (log-log scale) and lower (linear scale) triangles.
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Figure S5: Comparison between expected and observed somatic hypermutation tar-
geting for the tri-nucleotide model
The predicted mutability from the tri-nucleotide model of Shapiro et al. 2003 (black line) and

the S5F model (red line) for each position in the Ig sequence (IMGT-aligned along the
x-axis).Expectations are based on the observed repertoire of one sample (3931LN). The

correlation between the tri-nucleotide predictions and the observed mutation frequency across
positions (points) is shown in the inset (compare with subplot of main figure Figure 5B).
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